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THIORBTICAL  PARACHUTS  UnSSTIGATIOliS 
Progrcsa  Report  Ko  t6 

IRTROOUCnON 

1.Q  This  is  the  sixteenth  qunrterily  report  covering  the  tins  from 

1  Oeeeaber  I960  to  26  Februergr  1961  on  the  study  prcgrsm  on  basic  infomatlon 
ot  Asrodjrmale  Retnrdstlon,  which  was  Initiated  on  15  February  1957* 

l.t  The  objectives  In  the  first  year  of  this  program  were  specified 

In  Mrltht  Air  Development  Contract  No  aF  33(6l6)-3955  as  follows: 

Project  No  "Investigation  of  wake  effects  on  the  behavior 
of  parachutes  end  other  retardation  devices 
behind  large  bodies  at  subsonic  and  supersonic 
speeds." 

Project  No  2,  "Reduction  of  test  results  from  drop  and  wind 
tunnel  tests  with  extended  skirt  parachutes  of 
various  sises,  and  establishment  of  design 
data  for  this  type  of  parachute  to  obtain  the 
best  performance  characteristics." 

Project  No  3«  "Establishment  of  reliable  test  methods  for 
msasurlng  the  pressure  distribution  on  the 
Inner  and  outer  surface  of  porous  textile 
p^^achute  canopies." 

Project  No  U,  "Investigation  of  basic  stability  parameters 
of  conventional  parachutes." 
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Project  Ko  "Study  of  possible  methods  to  decrease  the 

opening  time  of  parachutes  without  Increase  of 
opening  shock." 

1 .2  Work  on  the  five  specific  objectives  listed  above  continued 

through  the  second  year  of  the  program  under  an  extMislon  of  the  contract 
named  above.  In  aduition,  two  new  objectives  were  introduced  as  follows i 

Project  No  6,  "Oetexmlnation  of  the  mln'inum  slsed  parachute 
for  stabilisation  of  general  aerial  delivezy 
cargo." 

Project  No  7,  "Theoretical  study  of  supersonic  parachute 
phenomena . " 

The  approach  to  the  solutions  of  the  various  problems  con¬ 
cerning  those  seven  objectives  was  outlined  in  the  Proposed  Technical 
Prtigram  submitted  on  26  November  1957. 

la-  Work  on  four  of  the  above  seven  objectives  (Projects  No  2,  No  3, 
No  5,  and  No  6)  has  been  completed,  and  final  technical  reports  either  have 
been  or  are  keing  prepared.  Work  on  the  remaining  three  objectives 
(Projects  No  1,  No  4,  and  No  7)  is  continuing  under  Wright  Air  Development 
Center  Contract  No  hF  33(616)-6372.  In  addition,  this  contract  presents 
three  new  objectives  as  follows: 

Project  No  8,  "Theoretical  analysis  of  the  dynamics  of  the 
opening  parachute." 

Project  No  9>  "Statistical  analysis  of  extraction  time, 
deployment  time,  opening  time,  and  drag 
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eo«fflel«nt  for  aerlol  dolivory  parachutes  and 
sTeteBa." 

Project  No  "Study  of  baelc  principle a  of  new  parachutes 
and  retardation  devices." 

The  approach  to  the  solutions  of  the  various  problems  concerned 
with  these  three  new  objectives  and  that  to  the  solutions  of  new  prob¬ 
lems  concerned  with  the  three  old  objectives  which  are  bblng  continued 
(Projects  No  1,  No  4.  and  No  7)  are  outlined  In  the  Proposed  Technical  Pro¬ 
gram  subnltted  on  16  Februaiy  1959*  Additional  proposals,  which  further 
outline  the  course  of  Investigation,  were  subnltted  on  22  April  1959, 

21  Msy  1959,  26  February  1960,  and  22  April  I960. 

hk  As  in  preceding  reporting  periods,  woxic  during  this  reporting 
period  has  been  pursued  In  accordance  with  the  technical  program  and 
is  described  In  the  following  sections  of  this  report.  The  continuation 
of  efforts  on  each  project  durlig  the  next  reporting  period  Is  outlined 
within  the  report  for  that  specific  project. 
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Project  No  1 


Investigetloni  of  Wftke  Effect  a  on  the  BehATior  of  Paraehutea 
and  Other  het^rdation  Devices  Behind  Urge  Bodlee  at  Subeonlc 
and  SuperBonlc  Speeds 

2.1  Subeonlc  Wind  Tunnel  Studies 

2.1.1  The  velocity  and  preaaure  distribution  In  the  vnke  behind  a  bodijr 

of  revolution  has  been  reported  in  Kef  1,  in  which  an  experiaental  parameter 
^  was  introduced.  This  parameter  ^  was  extracted  from  wind  t\mn«l  measure¬ 
ments  of  the  pressure  distribution  In  the  wake  of  an  ogive  cylinder  at  dis¬ 
tances  downstream  of  X/D  ranging  from  2  to  12.  This  body  had  a  drag  coeffi¬ 
cient  »  ~  0«35.  These  experiments  indicated  a  strong  dependence  of 

upon  the  location  measured  from  the  rear  end  of  the  wake  producing  body.  It 
was  assumed  at  that  time  that  ^  will  also  vary  with  the  drag  eoefflcier;tt 
of  the  primary  body.  Satisfaetozy  agreement  between  theoretical  prediction 
and  experimental  results  for  this  body  ^9  obtained  for  X/D  ^  6  by  using  ai\ 
average  value  of  , 

2.1.2  Reference  2  presented  values  for  K  which  were  extracted  from  simi¬ 
lar  measurements  in  the  wake  of  a  Hat  disk  with  Cp  >  1.11  at  distances  down¬ 
stream  from  X/D  ■  2  to  X/D  ■  20,  It  was  found  that  for  this  body  differed 
considerably  from  the  one  described  in  Ref  1,  which  confirmed  the  above 
assumption. 

2. 1 .3  In  order  to  determine  a  relationship  between  ^  and  Cq,  a  new  series 
of  wind  tunnel  experiments  was  made  using  several  bodies  of  revolution  with 
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a  ifldi*  rMig«  of  drag  cotfflelonts,  from  Cq  ■  0.19A  to  Cq  1.405*  Flgurt  1-1 
proMRts  thoM  BodoXif  and  glYoa  thtlr  rospoctlvo  drag  eooffleionta.  During 
thia  roportlng  porlod,  the  data  from  theae  wind  tunnel  teste  was  reduced  to 
graphioal  fora. 

2.1.4  Results 

2.K4.1  Figures  1-2  through  1-11  present  the  pressure  distributions  in  the 
wakes  brtlnd  the  above  described  bodies  of  revolution.  This  pressure  dis¬ 
tribution  Is  presented  as  a  pressure  coefficient,  Cp,  defined  as: 


where  ■■  wake  total  pressure 

p  ■  wake  static  pressure 

q  »  free  stream  dynamic  pressure. 

The  dlaeaslonleas  paraaeter,  2r/D,  Is  the  distance  normal  to  the  body  center¬ 
line  divided  by  the  body  radius. 

2. 1 .4.2  Certain  qualitative  conclusions  about  the  behavior  of  wakes  behind 
bodies  of  revolution  can  readily  be  drawn  from  observation  of  Flge  1-2  through 
1-11.  At  any  given  control  section  downstream  from  the  rear  of  the  bodies, 
the  dlaensionless  width  of  the  wake  of  bodies  of  low  Cj)  is  much  less  than  the 
corresponding  width  fbr  bodies  of  high  Cq.  It  Is  also  observed  that  at  a  given 
control  section  located  some  distance  downstream,  the  pressure  coefficient, 

Cp,  on  the  centerline  Is  noticeably  reduced  for  the  bodies  of  low  C^  over  the 
corresponding  Cp  for  bodies  of  high  Cq.  These  two  wake  effects  apparently 
are  the  result  of  the  much  greater  turbulent  mixing  behind  bodies  of  high  Cq 
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than  behind  bodies  of  low  Cp,  which  eeueee  greater  spreading  of  the  wake  and 
a  much  faster  approach  to  free  stream  dynamic  pressure  on  the  centerline 
behind  the  bodies  of  hl^  C^. 

1.5  Proposed  Work 

Work  during  the  next  reporting  period  will  oe  devoted  to  completion 
of  predicting  the  dependence  of  (h^f  l)  on  distance  downstream  from  a 
body  and  on  the  drag  coefficient,  an  attempt  will  then  bo  nmde  to  determine 
generalized  relationships  for  velocity  and  pressure  distribution  in  the  tur¬ 
bulent  wake  in  subsonic  flow,  with  the  drag  coefficient  and  the  simpe  of  the 
primary  b^^dy  as  (urameters.  This  will  incluie  correlating  the  experimental 
wakes  presented  in  this  report  with  the  theoretical  wakes  predicted  in  Ref  1, 
and  drawing  conclusions  as  to  the  validity  of  the  theory  and  its  limits  of 
application. 

Transonic  and  Supersonic  Wind  Tunnel  Studies 

2.2.1  As  stated  in  Progress  Report  No  15*  all  testing  concerning  the 
transonic  and  supersonic  phases  of  this  project  has  been  completed  and  pre¬ 
sent  efforts  are  being  devoted  toward  the  completion  of  final  technical 
reports.  The  completed  studies  have  bewi  divided  under  four  headings,  as 
follows: 

1 )  Pressure  and  velocity  distribution  in  the  wake 

2)  Single  body  drag 

3)  Drag  of  secondary  body  in  wake  of  primary  body 

4)  System  drag  of  combination  of  secwndary  and  primary  bodies, 

A  technical  report  is  being  written  under  each  of  these  headings. 


-6- 


2.2>2  During  this  reporting  period,  a  draft  of  the  report  for  the  first 
objeetiva^  pressure  and  velocity  distiibution  in  the  wake,  was  coiq>leted. 

The  final  draft  of  this  report  will  be  submitted  to  the  Procuring  Hgency 
shortly*  Also,  initial  drafts  of  the  r^orts  for  the  second  and  third  objec¬ 
tives,  single  body  drag,  and  drag  of  second  body  in  uake  of  primaxy  body, 
have  been  nearly  completed  and  final  drafts  of  these  two  reports  will  pro¬ 
bably  be  ready  for  submittal  during  the  following  reporting  periods. 


2*2.3  Work  during  the  next  reporting  period  will  be  devoted  toward  the 
completion  of  the  drafts  of  these  reports  and  the  preparation  of  a  draft  of 
the  r^OTt  under  the  fburth  objective,  drag  of  combination  of  secondaiy 

and  primary  bodies* 
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EXPEP-MENTAL  i^RESSURE  DISTRIBUTION  IN  THE  WAKE  OF  MODEL  A,  C^-  1.40 


experimental  pressure  distribution  in  the  wake  of 


1-^  Xp:^  <:•  E;nTAL  pressure  distribution  in  the  wake  of  model  C  ,  Cd  -  0.836 


FIG  1-3.  EXPERIMENTAL  PRESSUR  DISTRIBUTION  IN  THE  WAKE  OF  MODEL 


EXPERIMENTAL  PRESSURE  DISTRIBUTION  IN  THE  WAKE  OF  MODEL  E,  Cq- 0.577 


FIG  1-7.  exPERlIlENTAL  PRESSURE  OfSTRIBUTlON  IN  THE  WAKE  OF  MODEL  F,  Cn  -0.425 


FIG  1-8-  EXPERIMENTAL  PRESSURE  OISTRi0UTION  IN  THE  WAKE  OF  MODEL 


FIG  EXPERIMENTAL  PRESSURE  DISTRIBUTION  IN  THE  WAKE  OF  MODEL 


-10  ESrPtajMENTAL  »^E£SURE  W3TRIBUTfON  IN  THE  WAKE  OF  MODEL 


FI6I-I1.  EXPERIMENTAL  PRESSURE  DISTRIBUTION  IN  THE  WAKE  OF  MODEL  T,  C* » 0.1  PA. 


Project  Vo  U 


Inveatlgfction  of  Eeaic  Stability  PeramaterB  of  ConYsatlonal 

3.1  Introduction 

3.1.1  The  objective  of  this  study  is  to  determine  the  characteristic 

aerodynamic  coefficients  of  fourteen  conventional  parachute  types,  using 
cloth  porosity  and  angle  of  attack  as  parameters.  The  aerodynamic  coeffi¬ 
cients  are  l)  tangent  or  axial  force  coefficient,  C^,  2)  normal  or  side  force 

coefficient,  Cj^,  and  3)  pitching  moment  coefficient, 

3.1.2  Hie  vaork  performed  on  this  project  has  been  divided  into  three 
parts:  l)  wind  tunnel  investigation  of  parachute  models,  2)  theoretical 
stability  investigations  under  dynamic  conditions,  and  3)  effective 
porosity  studies. 

3.2  Wind  Tunnel  Investigation  of  Parachute  Models 

The  draft  of  the  final  technical  rt^ort  entitled  "Stability  and 
Drag  of  Parachutes  with  Varying  Effective  Porosity,"  is  curreirtly  being 
revised,  and  will  soon  be  sutmdtted  to  the  contracting  agency  for  review. 

3.3  Theoretical  Investigation  of  the  Dynamic  Stability  of  Parachutes 

laU.  Introduction 

3.3. 1 . 1  In  Progress  Report  No  1,  Appendix  D,  the  differential  equations 
of  the  laterally  disturbed  motion  of  the  parachute  ixnder  certain  simplifying 
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AUSuaqptioiM  were  derived  in  the  following  fora: 


s 


♦  VTv«)^'  ♦(«»*»-  rr»v»K  “  f  K  *  f^'*) 

h<  ^  ^ 


jlvi  ♦  (Wvit-ffW)” 


a<'  ■ 


Sr  <<*»■)• 

0  TT 


(4. 1 ) 


(4.2) 


The  arrangenenb  of  the  coordinate  eystem,  sign  convention,  and  definition 
of  aiymbola  are  given  in  Progress  Report  No  14»  Sec  3.3.1. 

3.3.1 .2  To  solve  the  n78tem  of  differential  equations  (4.l)  and  (4.2),  it 
was  supposed  that 

o<=Ac^‘' 

where  A  and  B  are  arbitrary  constant,  t  =  vt/r,  and  X  ,  which  may  be  real 
or  complex,  can  be  determined  from  the  equation 


-21- 


aA*+ bX‘‘  +  C)v +<i  »0  .  (4.4) 

This  equation  is  the  frequency  equation  of  the  ^stem  of  equations  (4>l)  and 
(4.2).  Some  of  the  terms  are  evaluated  from  the  experimental  results  of  the 
wind  tunnel  tests  conducted  under  the  first  part  of  this  project,  using  the 
transfonsitions  outlined  in  Progress  Report  No  12,  Sec  3.3.3.10. 

3.3. 1 .3  In  Progress  Report  No  12,  the  method  described  above  was  used  to 
investigate  the  dynamic  stability  of  a  5  ft  Ribless  Guide  Surface  parachute 
with  nominal  cloth  porosities  of  30  and  120  ft^/ft^-mln.  Durlz^  the  follow¬ 
ing  reporting  period,  errors  were  found  in  the  method,  and  in  Progress  Report 
No  14  the  corrected  results  for  the  Ribless  Guide  Surface  parachute  were 
presented,  together  with  results  of  a  similar  investigation  of  a  Circular 
Flat  parachute  with  nominal  porosity  of  120  ft^/ft^-min  and  a  Ribbon  para¬ 
chute  with  a  geometric  porosity  of  20$  and  a  prototype  nominal  diameter  of 

50  inches. 

3.3.1 .4  The  investigations  of  the  above  parachutes  were  conducted  about  a 

o 

position  of  0  angle  of  attack.  However,  looking  at  Pig  A-25,  Progress 


-22- 


Ite  $p  tibBm  btiv  4a  Flf  «•  that  th»  aoiat  eoafflolant  ▼•raua 
4B(|l4  4it«^  evnr*  for  tli*  Cireular  Flat  paraehuto  Indleatoa  two  poaltlona 

of  oqtttXlbriiBi  noMlj  0^  and  20^  anfla  of  attack.  Furthor  iarottlfatlon 
idiowo  tlwt  tha  oquiUbriva  at  0^  anda  of  attack  la  unatablai  i.a.,  tha 
■caanta  ara  aueh  that  a  alight  diq>laeaaant  ia  foUowad  bjr  an  incraaaing 
diaplaoaMnt  (in  tha  wind  tunnal  Invaatlfatlon  of  eharaetarlatlc  aarodynaade 
eoaffleianta«  a  poaltlva  C||  at  poaitiwa  anglaa  of  attack  producad  a  noaant 
raatoring  tha  paraehuta  to  0^  angl*  of  attack,  and  a  poaltiva  at  nagatlva 
anglaa  of  attack  eauaad  a  Airthar  Incraaae  in  angle  of  attack.  3aa  Fig  4>10, 
Prograss  Report  No  14}«  At  approxlaiataly  20^  angle  of  attack,  the  paraehuta 
ia  in  stable  equilibrium,  i.a.,  tha  moments  ara  such  that  the  parachute 
ratunia  to  20^  if  slightly  displaced. 

3.3. t.S  It  is  avidant  that  a  more  meaningful  investigation  of  dynamic 
stability  should  be  made  for  the  parachute  about  20^  angle  of  attack.  There¬ 
fore,  tha  inveatigation  of  the  Circular  Flat  parachute  was  made  at  both  0° 
tiOid  20^  angle  of  attack,  using  some  different  assumptions  than  those  made  in 
the  original  investigation.  F^om  Fig  4-11,  Progress  Report  No  14,  we  see 
a  non-linear  variation  of  Cx,  with  angle  of  attack  e<.  In  the  origizial 
investigation,  the  analysis  was  limited  to  0^  ^  0<.  4  5  j  where  \  and  Cjf 
were  assumed  to  be  linear. 

3.3. 1.6  In  the  present  analysis,  it  was  assumed  that  and 

00^  oo^ 

have  one  value  in  the  range  0°  ^  cX  ^  10^  and  a  different  value  in  the 
range  10^  ^  o4  ^  27.5^.  Then,  from  Fig  4*1,  where  we  take  tai^ents  to  the 
curve  at  ±  20®  and  assume  an  eq^al  but  opposite  slope  through  the  origin,  and 
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from  Flgo  A-11  and  4-12,  Progresa  Raport  No  14>  we  have  for  0^  <  oC  <  10° 


doC 


f  0.276 


and  for  10°  ^  OC.  ^  27.5° 


(4.5) 


=  -  0.276 

These  values  include  corrections  for  differences  in  sign  convention  between 
theoretical  and  experimental  data. 


3.3.2  Pjmamic  Stability  about  0°  Angle  of  Attack 

3.3.2. 1  The  remaining  terms  in  equation  (4.4)  above  are  enumerated  In 
Progress  Report  No  14,  Sec  3.3.3*  Substituting  these  terms  and  those  from 
equations  (4.5)  Into  equation  (4.4)  we  find,  for  the  Interval  0°^o4^  10® 

2071.2  X*  -  224.80  X*  -  101.73  X  -  I.0I6  =  O  . 

The  roots  of  equation  (4.1a)  are  found  to  be 


X,  =  0.2861 
Xi=  -0.1677  t 
Xi  =  -  0.0007  ] 

Substituting  the  above  values  of  A  into  the  equations (4* 3)  above  yields 
the  equations 


> 


(4.8) 
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telvSng  for  tlMi  orbltroxy  conitonto,  ond  (i  •  1,  2,  3)  using  ths 

conditions  (st  t  «  0,  o(  ■  o(e  >  30”  -  0.0001454  rsd,  ^  ^  "  0, 

squstion  (4>15)*  Progress  Report  No  14»  end  substituting 
these  oonstsnts  into  the  equetim  (4.6),  we  hsve  (tor't  *  vt/r  •  48.0  t) 

»<««*  0.0000364  e***"^**^  +0.0000888  ^**^-0000000126^^**^ 

(4.9) 

^-O.OOOOOIfeQe?**’"^ +000000544^**  -0.00000336e!^^*.^ 

3. 3. 2.2  Using  the  equstions(4.9)  to  describe  the  motion  of  the  parachute 
in  terns  of  the  vertical  and  horisontal  coordinates  (X  and  Y)  and  the  posi¬ 
tion  '  V  +  ^  ),  where  (see  Progress  Report  No  12,  Sec  3.3.6. 5) 


X  =  t*t  (4.10) 

r^UbJ^dt,  (4.11) 

we  find  for  v^  -  105  ft/sec: 

X— lO^t,  (4.10a) 

Y  —  -  0000013 0.000066  8***®^  + 

+0.007378"®  *^^  -  0.00749  (4.11a) 

(<X+  6  )  »  0.0000547  +0.0000830  e*^^- 

-0.000003476'*^^,  (4.12) 
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3. 3.2.3  The  equAtione  (4«9)«  (4*10a)«  (4.11a)  And  (4*12}  ^re  vAlid  for 
0^  ^  10°  by  the  originAl  Ascuaptlons.  The  VAluee  of  ec  end  Y  as  a 

function  of  t  ere  tebulAted  In  Toble  4-1  for  0  t  ^  1,0  eee.  We  oee  thet 
oC  *  10^  After  0.5S  see,  end  would  continue  to  InersAse  without  bound  as  t 
inersAses  if  the  Assumptions  remained  vAlid. 


3.3.3  EIjmamie  Stsbility  About  20°  An^le  of  Attsek 

3.3.3. 1  AgAin  substituting  the  terns  enumerAted  in  Progress  Report  No  14, 
Sec  3«3>3*  and  now  using  those  terms  from  equAtion  (4.6)  in  equation  (4,4) 
gives  us,  for  the  interval  10° <04^  27.5° 

R07I.I  -h7J4.49  A*  l\A.SZ  A  i-  1.0633  =  O  . 

The  roots  of  equation  (4* lb)  are 


A,  = -0.0096 

Ai-  -  (O.ITT4.  -  0.6634  L) 

As- -(0.1774 -ra2634L) 

3. 3. 3. 2  Substituting  into  the  equations  (4.5),  we  have 


(4.13) 


^  ^  ^O.OOsar  ^  -aSAMi.)^  ^(d1T74  ♦O.tASALjt 


(4.14) 


Solving  for  the  arbitrary  constants  and  (i*  1,  2,  3)  using  the  initial 
conditions  (at  t  -  0,  o4  ■  oC©  ■  7.5°  ■  0.1309  rad,  ^  -  0,  Cl>|  •  COj^ 

»  0)  and  equation  (4.15),  Progress  Report  No  14,  we  have  (forX"  “  “ 

48.0  t) 
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^  «O.OOOI5r  dlN(l2.64t  +  S4.d*) 

^  -a0O4S5<!^*^^  -r  0.00466  S\NC-lt.6lt  ♦fcaJ*) 

It  ahould  b«  uotttd  thi»  04te  that  o<.*  »  7,5^  repr«t«ita  4  dlaplaeament 
of  7«S^  fro«  tho  oqulXlbriutt  position  of  20^  angls  of  attaok* 

Doseritaliv  tho  notion  of  tho  parochuto  in  toms  of  tho  vortical 
and  horisMital  ooordimtos  (X  and  T)  and  tho  position  anglo  (o(.  +  ^  )  wo 
find 

X«l03t  (4.10b) 

Y-  1.032^^®^ -1-0.0335 Si N(l2.44t -T33*)  - 1.028  (4.11b) 

(be 4-^)-  -  0004066^*'’ 4-0. 1654 SINOl.Ut ♦54.6*),  (4.16) 

3»3.3.4  Equations  (4.15)#  (4.16)  and  (4.11b)  are  tabulated  in  Table  4-2 
for  0  ^  t  ^  100  see.  Figure  4-2  presents  o<.  and  (o<  4  ^  )  versus  t  for 
0  ^  t  ^1.2  sec.  Figure  4-3  graphical^  presents  the  notion  of  the  para> 
chute  during  descent  (note  that  the  scale  in  the  Y  direction  is  considerably 
larger  than  that  in  the  X  direction).  Figures  4-2  and  4-3  issy  be  eoiif>ared 
with  Figs  4-1  through  4-7  of  Progress  Report  No  15>  idilch  present  the  sane 
Inforsntion  for  the  Ribbon  parachute  with  209(  geonstrleal  porosity  and  the 
Rlbless  Guide  Surface  parachutes  with  nosiinal  porosities  of  30  and  120 
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3  2 

ft  /ft  -Bin.  Afftln,  It  should  bs  notsd  that  in  Fif  4-2«  and  ^  ar«  eal- 
culatod  about  the  2Xfi  angle  of  attack  position. 

Conclusions 

The  results  of  this  Investigation  of  the  Cireuiar  Flat  parachute 

show  that! 

a)  The  condition  for  waathsrcoek  stability,  given  as 

is  not  satisfied  for  the  Circular  Flat  parachute  about  0^ 
angle  of  attack,  but  is  satisfied  about  ai^le  of  attadc. 

£}  The  conditions  for  dynaalc  stability,  expressed  in  Routh's 
criteria  as 

a>o^  b>o^  c>o,d>o  AHb  bc>dy  (4.18) 

where  a,  b,  c  and  d  represent  the  coefficients  of  the 
frequency  equation  (4.4),  are  not  satisfied  for  0°  angle 
of  attack,  but  are  satisfied  for  20°  angle  of  attack. 

3.3.5  Proposed  Work 

The  dynamic  stability  of  several  parachutes  with  point  loads  have 
been  presented.  Work  will  now  begin  to  determine  the  dynamic  stability  of 
three  parachutes  with  store.  These  parachutes  are: 

l)  Circular  Flat,  nominal  porosity  *  120  ft^/ft^-min 
2}  Ribless  Guide  Surface,  nominal  porosity  >■  120  ft^ft^Hsln 
3)  Ribbon,  getxnetrical  porosity  »  20$. 
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fMtiirt  FoTMitj  StoAiM 


Tlw  porosity  studios  now  eosiplstsd  hsTS  yisldsd  s  wids  rungs  of 
inforKtioB  on  ths  porosity  of  psnehiito  sloths  for  sulHsiltissl  prtssurt 
rstios  snd  sltitodso  sters  50»000  ft.  Zt  is  now  dsoirsd  to  misours  porosity 
4t  sss  Iswol  dsooity  snd  st  prsosuro  diffsrsntlsis  grostsr  than  ths  critical 
diffsrontial  prsssurs  for  ths  cooplsto  rang#  of  air  dsnsltlss. 

^^4^2  It  is  fait  that  ths  SYSluation  of  ths  porosity  at  prsasurs  ratios 
sbovs  ths  eritioal  ratio  will  bs  of  groat  valus  in  ths  study  of  parachuts 
phsnoasna  at  oupsrsonio  aposds.  If  ths  rolationship  bstwssn  thsss  high 
prsssurs  ratios  and  porosity  is  known,  it  may  hslp  S3q;>laln  ths  srratlc 
bshasior  of  paraehutss  at  high  opssds. 

3.iL.3  Mow  Tasting  Facility 

3.it.3.l  During  ths  last  reporting  psriod,  ths  construction  of  a  facility 
to  dstsrains  offset! vs  porosity  of  parachuts  cloths  at  ssa  Isvsl  density 
and  grsatsr  than  critical  prsssurs  ratios,  and  to  dstsrmins  sffsetivs 
porosity  of  ribbon  and  grid  configurations  has  boon  coaplstsd,  and  a  tast¬ 
ing  program  is  being  initlatsd. 

3.i..3.2  Figurs  4-4  prsssnts  a  schsmatic  layout  of  ths  new  facility,  and 
Figs  4-5  and  4-6  are  photos  of  ths  sntirs  apparatus  and  ths  test  ssetlon, 
rsspsetivsly.  High  prsssurs  air  storage  is  provided  by  two  130  ft3  tanks 
Joined  to  give  a  total  storage  capacity  of  260  ft3,  at  a  prsssurs  of  125  pslg. 
Ths  high  prsasurs  air  is  provided  by  a  two  stags  Gardner  Denver  oon^ssaor. 
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Hlr  froB  the  hi^h  presiure  euppljr  tenke  ie  eerrled  to  the  test  section 
ttarouch  *  3  inch  diems ter  plpe«  end  exhausts  from  the  test  section  to 
the  atmosphere.  The  transition  section,  shown  in  detailed  layout  in  Fig  4.7, 
brings  the  flow  from  the  round  pipe  to  the  square  test  section.  Test 
specimens  are  held  in  a  metal  holder  which  attaches  to  the  end  of  the  tran¬ 
sition  section,  and  the  clear  plexiglass  test  section,  shown  In  Fig  4-6, 
fits  around  the  cloth  holder  and  extends  downstream  (See  Fig  A>9). 

3. 1.3. 3  The  mass  flow  through  the  test  section  is  determined  by  a  sharp- 
edged  orifice  flow  meter  located  Just  upstream  of  the  transition  section 
(Fig  1-9).  A  constant  pressure  ratio  Is  maintained  across  the  test  specl- 
BMm  by  Mans  of  a  pneumatically  controlled  throttling  valve  which  is 
activated  by  the  pressure  regulating  qjrstem  shown  schematically  in 

Fig  4-10. 

3. 4.3. 4  Pressure  ratios  across  the  flow  meter  and  the  test  specimen, 
and  pressures  necessary  to  determine  densities  upstream  of  the  flow  meter 
and  test  section  are  recorded  throu^  the  use  of  electronic  pressure  trans¬ 
ducers  and  a  Century  809  Recording  Light  £eam  Oscillogr«g)h. 

3.4.4  Proposed  Work 

3.4.4. 1  The  testing  program  which  has  been  initiated  to  determine 
effective  porosities  of  parachute  cloths  and  ribbon  and  grid  configura¬ 
tions  at  sea  level  density  and  at  greater  than  critical  pressure  ratios 
will  be  continued. 

3.4. 4. 2  The  effort  to  find  some  ''orrelation  between  the  effective 
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poro8it7  of  tbs  wire  screens  which  were  tested  prevlouely  and  the  geonetric 
properties  of  the  screens  will  be  continued.  It  Is  hoped  that  this  will 
lead  to  the  characteristic  dimensions  of  the  screens,  and  eventually  of 
cloths,  so  that  a  meaningful  relationship  between  effective  porosity  and 
Reynolds  number  can  be  found. 
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m  AM.  MOMENT  COEFFiaENT  VS  AMCLE  OF  ATTACK  FOR  OHCVLAR 
FLAT  FABRIC  PARACHUTE 

(Rc*6*lO*  ,  FABRIC  MATERIAL ••  l\  OZ  ,  AO  lB  hiYLON  R\PSTOP,KiOM  POR=  \Z0  FT?MIN-FT^ 


PRMSURC  ‘fMNKS  . 
CAmciTY'  CAO  FT* 
FfUtSUW  i  Its  FSIA 
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OdlFICC  flowmeter 

-TRANSITION  SECTION 
r-TEST  SCCTIOH 
FUOW_ 


FNEUMATIC  VALVE. 


3  IN  RIFE 


ri6  4-4.  SCHEMATIC  LAYOUT  OF  POROSITY  TEST  APPARATUS 


no  4-5.  lonosin  nsniio  FACiLirr 


no  U-6,  TEST  aKTION  OP  POROSlTr  TESTING  FACILITT 


n6  4-r.  DETAIL  LAYOUT  OF  TRAI 


SECTION  SCH.t^ 


n«  44cimj0DC0  view  OF  FLOwneren  transition  section  and  test  section 


FIG  4HaSCHEMATlC  DIAGRAM  OF  VALVE  CONTROL  OPERATION 


Project  Ko  6 


4^  D«f  mliiittlon  of  thm  Mlnlmua  ai«ad  Paraehuf  for  atablllg4tlon 

qf  QwtrU  PtUjin.  Ptria 

The  draft  of  the  final  technical  report  of  this  project  has  bem 
completed,  and  la  currently  being  reviewed. 
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Project  No  7 


Theoratle*!  Stu47  Superaonie  Parachuto  PhonoMna 
S.i  Introduction 

5.1^1  It  la  knoiftthat  conventional  parachutaa  of  all  t/paa  parfom  inora 
or  laaa  aatiafaetorlljr  in  aubaonie  flour,  but  baeoaa  unstable  and  unsatisfac- 
toi7  retardation  davicaa  in  auparaonie  flow.  In  an  attempt  to  explain  this 
phanoaenon,  rigid  parachute  nodela  were  atudied  in  auparaonie  flow  and  high 
apeed  Sehlieren  photographa  were  taken.  Theae  photogri^hs  revealed  a  highly 
unatabls  shock  pattern  ahead  of  the  canopy.  Sisdlar  testa  of  flexible  models 
showed  irregular  oscillation,  structural  Instability,  and  eventual  destruction 
of  the  canopy. 

5.1.2  The  analysis  of  the  conventional  parachute  In  supersonic  flow,  and 
the  subsequent  developaNnt  and  testing  of  a  supersonic  retardation  device 
proceed  in  the  following  phases: 

1 )  Pressure  distribution  studies  on  conventional  canopy  In 
supersonic  flow 

2)  Water  analogy  studies  in  conventional  water  tow 

3)  Water  analogy  studies  in  water  table  with  stationary  models 

4)  Wind  tunnel  stability  studies  of  supersonic  parachutes 

5)  Drag  studies  of  supersonic  parachutes. 

These  phases  will  be  reported  In  respective  order  In  the  following  sections 
of  this  report. 
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1.2  Presaure  Distribution  Studies  in  Supersonic  Wind  Tunnel 

5.2. 1  AS  A  first  step  in  the  analysis  of  conventional  parachutes,  the 
pressure  distribution  on  both  the  Inside  and  outside  surfaces  of  a  convci- 
tional  ribbon  parachute  model  suspended  in  the  wake  of  an  ogive  cylinder  fore¬ 
body  was  studied.  Model  geometry,  test  arrangement,  and  pressure  distribution 
for  Mach  numbers  of  0.6,  1.2,  and  4.5  were  presented  in  Progress  Report  No  12. 
Presaure  distributions  for  Mach  3.0  were  given  in  Progress  Report  No  15. 

5.2.2  During  this  reporting  period,  tests  were  made  to  determine  the 
Influence  of  the  ogive-cylinder  forebody  on  the  internal  and  external  pressure 
distributions  on  the  canopy  at  Mach  numbers  of  1.08  and  3.0.  These  tests 
were  made  with  and  without  suspension  lines,  in  order  to  determine  their 
effect  on  pressure  distribution.  Previously,  the  transonic  testa  were  made 

at  Mach  1.2;  however,  in  the  wind  tunnel  new  being  used,  the  highest  attain¬ 
able  Mach  number  with  the  model  mounted  in  the  test  section  was  Mach  1.06. 
Therefore,  the  transonic  studies  were  continued  at  this  Mach  number. 

5.2.3  The  parachute  models  and  testing  procedure  were  the  same  as  in  pre¬ 
vious  studies.  AS  before,  two  secondary  parachute  models  were  used,  one  to 
measure  internal  and  the  other  to  measure  external  pressures.  The  suspension 
lines  for  these  tests  were  secured  at  the  confluence  point  by  a  set  of  guy 
wires  fastened  to  the  turuiel  walls  (see  Fig  T'-l).  The  pressures  were  measured 
on  a  multiple  manometer  and  photographed  during  each  test.  Three  tests  were 
conducted  for  each  configuration  at  both  Mach  numbers. 

5.2.4  Results 
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S.2.4..!  Th«  pr«a«ur«  niAsuraaMnta  fron  threa  intamal  and  thraa  axtarnal 
prasaura  dlatrlbutlon  taata  wara  avaragad  in  aach  eaaa.  Thaaa  naaauramanta 
wara  than  raducad  to  ooaffidant  form  with  tha  praaaura  eoafflelant,  Cp, 
daflnad  aa 

ahara  Pj^  ■>  local  praaaura  on  tha  aurfaca  of  tha  nodal 
P3  fraa  atraan  atatle  praaaura 

q  fraa  atraan  dynanie  praaaura. 

i,2.L.2  Figuraa  7-2  and  7-3  praaant  tha  praaaura  eoafficiant  distribution 
of  tha  parachuta  modal  in  fraa  atraan  with  and  without  auspanalon  linos, 
raapaetivaly,  at  tranaonie  Mach  nuai)ora.  For  conparison.  Fig  7-4  prosanta 
thasa  two  aata  of  curvaa  togathar  with  tha  prasaura  distribution  of  the  modal 
with  auapandon  lines  behind  an  oglva-cyllndar  forabody  (previously  presented 
aa  Fig  7-1 1,  Progress  Kaport  No  12).  Similarly,  Figs  7-5  through  7-7  present 
tha  saBM  saquenea  of  pressure  eoafficiant  distributions  at  Mach  3*0.  It  la 
seen  that  tha  forabody  has  only  a  small  influence  on  either  the  internal  or 
axtarnal  pressure  coefficient  at  Mach  1.06  and  3>0.  The  suspension  lines  do 
have  noticeable  influence  on  tha  magnitude  of  the  internal  pressure  coeffi¬ 
cient,  especially  at  Mach  3.0.  This  increase  in  internal  pressure  coeffi¬ 
cient  is  due  to  the  large  prassura  recovery  across  tha  wall  defined  shock 
ahead  of  the  canopy  without  suspension  lines  (see  Sec  5 >2.4.3).  The  suspen¬ 
sion  lines  do  not  noticeably  influence  the  external  pressure  coefficient  at 
either  Mach  number. 
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5. 2. it. 3  Figures  7-8  and  7-9  are  double  exposxu'e  shadowgraphs  of  the  flow 
pattern  at  Mach  3*0  about  a  parachute  model  in  free  stream  with  and  without 
suspension  lines,  respectively.  It  is  seen  that  apparently  the  suspension 
lines  cause  a  hjghly  irregular  shock  patten  ahead  of  the  canopy.  In  tests 
without  suspension  lines,  a  stable  detached  shock  wave  pattern  is  formed. 
However,  this  contradicts  previous  experience,  and  efforts  are  now  being  nude 
to  explain  this  contradiction,  as  outlined  in  Sec  5*2. 5.1  below. 

5.2. 5  Proposed  Work 

5.2.5. 1  The  pressure  distribution  studies  as  specified  in  the  present  con¬ 
tract  hskve  teen  completed,  however,  during  the  next  reporting  period,  addi¬ 
tional  wind  tunnel  tests  of  several  canopies  with  varying  porosities  and 
different  methods  of  mounting  will  be  made  to  determine  the  factors  which 
Influence  the  character  of  the  shock  wave  ahead  of  the  canopy  without  suspen¬ 
sion  lines.  These  tests  will  be  conducted  at  Kach  numbers  of  2.0  and  3.0. 

5.2. 5.2  During  the  next  rejorting  period,  work  will  begin  on  the  writing 
of  a  final  report  for  this  phase  of  the  project. 

5.3  Water  Tow  Studies 

5.3.1  As  a  second  phase  of  the  investigation,  a  series  of  two-dimensional 
water  analogy  studies  have  been  nmde  to  visualize  flow  patterns  within  the 
canopy.  These  studies  were  applied  first  to  the  analysis  of  the  instability 
of  conventional  parachutes,  reported  in  Progress  Report  No  12,  and  later  to 
stability  studies  of  various  configurations  of  the  so-called  spiked  parachute, 
reported  in  the  Supplement  to  Progress  Report  No  13. 
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5.3.2  During  this  reporting  period,  a  series  of  tests  was  performed  at 
Mach  2,0  with  the  spiked  parachute  behind  an  ogive-cylinder  forebody  vdth  a 
caliber  of  2.5.  Tests  were  run  at  L/D  ratios  of  U.5  and  8.  The  ratio  of 
the  parachute  model  maximum  diameter  to  the  forebody  diameter  was  2. 

5.3.5  Results 

Figures  7-10  and  7-11  show  the  flow  pattern  about  the  spiked  para¬ 
chute  behind  the  forebody  (see  Progress  Report  No  15,  Fig  7-5,  for  identifi¬ 
cation  of  parameters).  For  comparison.  Fig  7-12  shows  the  flow  pattern  about 
the  model  in  free  stream  at  Mach  2.0.  It  is  seen  that  the  flow  patterns  are 
somewhat  less  defined  for  the  parachute  in  the  wake  of  the  forebody  but  simi¬ 
lar  in  nature.  The  stability  seems  to  be  unaffected. 

5.3.4  Proposed  Work 

Water  analogy  experiments  will  be  continued  in  close  coordimtion 
with  supersonic  wind  tunnel  tests  of  the  ^iked  parachute.  Making  use  of 
existirg  property  analogies  (derived  in  Progress  Report  No  l),  attempts  will 
be  made  to  determine  pressure  distribution  and  relative  drag  of  retardation 
devices  in  the  water  tow  tank. 

5.4  Stationary  Model  Water  analogy  Studies 

The  advantages  of  complementing  the  conventional  water  tow  experi¬ 
ments  with  studies  in  a  moving  water  channel  were  enumerated  in  Progress 
Report  No  15.  Desii'able  features  for  the  projected  facility  were  indicated 
and  the  detail  design  was  begun. 

5.4.2  During  this  reporting  period,  the  design  of  the  main  component 
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parts  of  the  new  water  channel,  including  the  structural  framework  and  the 
water  ducting  and  reservoir,  was  completed.  Bids  for  the  construction  of 
these  parts  were  received  from  local  machine  shops,  but  acceptance  of  a  bid 
was  delayed  because  of  the  termination  of  the  present  contract.  Upon  authori¬ 
zation  in  the  new  contract,  a  bid  will  be  accepted. 

5. A. 3  A  Description  of  the  New  Water  Channel 

5.4. 3.1  Figure  7-13  is  a  generod  assembly  drawing  of  the  proposed  facility, 
and  shows  the  main  features  and  dimensions.  The  main  components  will  be 
described  in  the  following  paragraphs  of  this  report. 

5. 4. 3. 2  Main  Channel  and  Supporting  Structure 

The  rectangular  channel  is  approxinately  20  ft  long,  52  Inches 
wide,  and  5  inches  deep.  The  channel  floor  consists  of  one  piece  of  high 
grade,  Mrlbr  finish  plate  glass  15  ft  long  and  ^  inch  thick.  The  glass 
rests  on  plexiglass  support  pads  mounted  on  adjustable  swivel  screws  used 
for  fine  adjustment  in  levelling  the  surface  of  the  glass. 

The  vertical  side  walls  of  the  channel  are  made  of  6  x  3  l/2  x 
3/8  inch  right  angle  structural  steel  attached  to  the  top  chord  of  the 
supporting  structure.  The  channel  is  supported  by  two  parallel  steel 
trusses  2^  ft  deep;  its  top  chords  consist  of  4  x  2^  inch  steel  channel 
sections  running  the  entire  length  of  the  structure.  The  lower  chord  is 
made  4  ft  shorter  at  the  downstream  end  of  the  channel  to  prov ide  ^ace  for 
the  pump  and  motor  drive.  At  2^  ft  intervals,  there  are  cross  ties  Joining 
the  two  top  and  the  two  bottom  chords.  The  swivel  screws  and  plastic  pads 
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whloh  support  the  glass  floor  of  the  channel  are  screwed  at  Intervals  Into 
the  tie^  between  the  top  chords.  Ties  at  the  loww  panel  Joints  supi^ort  the 
water  supplj  pipe  and  ducting.  Horizontal  diagonal  bracing  members  were 
avoided  in  order  to  have  large,  unobstructed  panels  direct Ijr  beneath  the 
glass  floor  for  photographic  purposes* 

5. it. 3. 3  Channel  Tilting  Mechanism 

A  uniform  slope  of  the  channel  is  necessax7  to  secure  uniform 
flow  velocity.  This  slope  must  be  adjustable  in  order  to  attain  the  water 
flow  velocity  representing  a  certain  Mabh  number.  Variation  of  the  longi¬ 
tudinal  slope  of  the  channel  is  provided  by  means  of  the  tilting  mechanism 
illustrated  in  Fig  7-13.  At  the  donnstream  end  of  the  lower  chord,  the 
trusses  are  mounted  on  hinge  pins.  Near  the  upstream  end  of  the  channel,  a 
1  inch  diasMter  bar  is  welded  transversely  to  the  bottom  of  the  upper  chord 
members.  This  bar  will  be  carried  by  two  hydraulic  rams,  one  on  each  side. 

The  hydraulic  rams  are  connected  to  a  hand  operated  hydraulic  pump  by  means 
of  flexible  pressure  tubing  and  shut-off  valves.  The  hydraulic  rams  have  a 
graduated  travel;  they  can  be  operated  in  unison  or  Independently  to  obtain 
the  desired  longitudinal  slope  and  transverse  levelling  of  the  channel. 

S.U.^.L  Water  Supply  ^8t«a 

The  water  supply  and  storage  ^stem  consists  of  a  steel  t.ank  10^ 

X  3  x  2i  ft  with  a  capacity  of  5CX)  gallons,  placed  on  the  floor  at  the  down¬ 
stream  end  of  the  channel  so  that  its  length  is  perpendicular  to  the  channel's 
longitudinal  axis.  The  pumping  equipment  consists  of  a  7^  hp  Westlnghouse 
constant  speed,  three  phase  induction  motor  driving  a  Worthington  Centrifugal 
pump  rated  at  250  gallons  per  minute  and  a  total  head  of  U5  ft. 
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The  motor  end  pump  ere  mounted  on  e  bed  plete  set  trensverseljr 
under  the  downetreem  centilever  portion  of  the  trues  ae  shown  in  Fig  7*- 13* 

The  discharge  side  of  the  pump  feeds  into  a  short  flanged  diffusing  section 
which  increases  the  diameter  from  4  to  6  inches.  The  water  flows  through  a 
6  inch  Walworth  gate  valve  to  regulate  the  flow,  and  then  to  a  rubber  expan¬ 
sion  Joint  which  takes  up  the  displacement  resulting  from  tilting  of  the 
table  and  prevents  the  vibrations  of  the  pump  from  being  transferred  to  the 
trusses.  The  water  then  flows  through  a  sequence  of  diffusers  and  90  degree 
bends  until  it  reaches  the  nozzle  approach  section  which  has  a  constant  cross 
section  of  4  X  52  inches.  The  nozzle  approach  section  is  provided  with  a 
large  removable  framed  panel  for  observation  of  the  flow,  and  Incorporates 
flow  straighteners.  It  leads  to  the  variable  nozzle  which  will  be  made  of  a 
i  inch  thick  aluminum  plate  hinged  to  the  top  of  the  approach  section  and  con¬ 
verging  to  any  desired  opening  at  the  lip.  The  rotation  of  the  variable 
nozzle  plate  about  its  hinge,  which  controls  the  amount  of  nozzle  opening, 
is  conti*olled  by  a  hand  operated  gear  and  lever  mechanism. 

The  water  flow  from  the  channel  returns  to  the  reservoir  by  over¬ 
flowing  the  downstream  end  of  the  channel. 

5.1.4  Proposed  Work 

5.1.1. 1  As  soon  as  the  necessary  authorization  from  the  contracting  agency 
is  received,  the  order  for  the  fabrication  of  the  water  channel  structural 
framework,  water  ducting,  and  reservoir  will  be  issued  to  the  local  machine 
shop  that  submitted  the  best  bid. 

5. 1.4.2  Work  will  proceed  on  the  detail  design  of  the  variable  nozzle 
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■•ehaniai  and  Inatrusantatlon  of  water  channel,  Including  a  depth  gage, 
traversing  gear  and  8hadawgri4>h  system.  Simultaneously,  the  available  com¬ 
ponents  such  as  the  electric  motor,  starter  switch,  water  pump,  etc,  will  be 
readied  for  installation. 

5. it. 4.3  As  soon  as  the  structure,  ducting  and  reservoir  are  delivered  and 

the  other  component  parts  received,  the  water  channel  and  component  parts 
will  be  assembled  and  carefully  aligned  in  preparation  for  calibration  and 
Initial  testing. 

5.S  Wind  Tunnel  Stability  Tests  of  Supersonic  Parachutes 

5.5.1  Utilising  the  knowledge  obtained  from  the  first  two  phases  of  investi¬ 
gation,  a  retardation  device  was  desi^ied  for  efficient  operation  in  supersonic 
flow.  Stability  studies  of  this  spiked  parachute  have  previously  been  con¬ 
ducted  at  Mach  numbers  of  2.0  and  3>0,  as  reported  In  Progress  Reports  Nos 

14  and  15. 

5.5.2  Initially,  rigidly  mounted  models  were  tested  at  Mach  2.0.  The  con¬ 
figurations  which  appeared  stable  were  then  tested  so  that  they  were  free  to 
oscillate  and  rotate  ("pendulum"  tests),  and  it  was  verified  that  configurations 
which  were  stable  when  rigidly  mounted  were  also  stable  whm  free  to  oscillate 
and  rotate  (see  Progress  Report  No  14,  Sec  6.2.1  and  6.2.2).  Tests  at  Mach 

3.0  revealed  that  a  larger  cone  angle  was  needed  to  obtain  configurations 
which  were  stable.  The  cone  half  angle  was  Increased  from  20°  to  34^j  tests 
were  repeated,  and  stable  configurations  were  found  at  Mach  3.0. 

5.5.3  During  this  reporting  period,  tests  were  conducted  to  determine 
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vrtiether  the  ttro  conflgxirAtions  which  were  stable  at  Mach  3<0  were  also  stable 
at  lower  Mach  nundsers.  These  tests  were  made  at  Mach  numbers  of  2.0  and  1.14. 
Models,  testing  procedure,  and  sequence  of  events  were  the  sane  as  In  previous 
studies. 

5.5.4  It  was  feared  that  the  addition  of  suspension  lines  to  a  stable 
configuration  ml^t  disturb  the  flow  pattern  and  cause  the  configuration  to 
become  unstable.  Therefore,  a  model  with  suspension  lines  was  built  (see 
fig  7-14).  The  diameter  of  the  suspension  lines  j  s  1/iS  of  maximum  canopy 
diameter.  This  model  was  tested  at  Mach  niu&bers  of  1.06,  2.0  and  3.0. 

5.5.5  Results 

5.5.5. 1  Figures  7-15  and  7-16  are  Schlieren  photos  at  Mach  2.0  of  the  two 

configurations  which  were  stable  at  Mach  3.0.  These  configurations  are 
stable,  but  to  a  lesser  degree  than  the  same  configurations  with  a  20°  half¬ 
angle  cone  at  Mach  2.0.  It  was  also  found  that  the  two  configurations  which 
were  stable  at  Mach  3.0  were  highly  stable  at  Mach  1.14. 

5. 5. 5. 2  Figure  7-17  is  a  Schlieren  photo  of  the  spiked  parachute  with  sus¬ 
pension  lines  at  Mach  3.0.  It  is  seen  that  In  this  case  the  suspension 
lines  do  not  Influence  the  flow  patterns,  nor  do  they  affect  the  stability. 

This  was  also  true  at  Mach  numbers  of  1.06  atxi  2.0. 

5.5.6  Proposed  Work 

5.5.6. 1  A  flexible  model  of  a  stable  configuration  of  the  spiked  parachute 
suitable  for  testing  in  a  supersonic  wind  tunnel  Is  presently  being  fabricated. 


Durinc  th«  waA  reporting  period,  this  aodel  will  be  tested  at  Mach  nuabers 
of  1.14,  2.0  and  3.0  to  determine  its  stability  characteristics. 

5. 5.6.2  A  flexible  and  a  rigid  model  of  the  supersonically  stable  spiked 
parachute  with  nominal  diameters  of  12  Inches  are  being  fabricated  for  subsonic 
investigation  at  Mach  0.2.  The  subsonic  stability  characteristics  will  be 
determlnod  as  normal  and  tangent  forces  and  moment  versus  angle  of  attack. 

5.6  Drag  Studies  of  Supersonic  Parachute 

5.6.1  During  the  previous  reporting  period,  several  teats  were  made  to 
determine  the  drag  coefficient  of  various  configurations  of  the  spiked  para¬ 
chute  at  Mach  3.0,  and  the  results  were  presented  in  Progress  Keport  No  15, 

See  6.7.2.  During  this  reporting  period,  a  more  extensive  series  of  drag 
tests  were  made  at  Mach  3.0,  as  well  as  at  Mach  numbers  of  1.06,  1.14  and 
2.0.  Figure  7-20  in  Progress  Report  No  15  illustrates  the  method  of  mounting 
the  models  in  the  test  section  for  the  tests  at  Mach  numbers  of  1.06,  2.0, 
and  3.0,  and  Fig  7-18  in  this  report  illustrates  the  test  arrangement  fbr 
drag  studies  at  14ich  1.14.  The  apparatus  shovn  in  Progress  Keport  No  15  was 
also  modified  so  that  the  drag  of  the  cone  with  the  canopy  positioned  behind 
it  could  be  measured.  An  electrical  strain  gage  type  drag  balance  was  used 
to  record  drag  data. 

The  two  stable  configurations  of  the  spiked  parachute  were  tested 
at  various  Mach  numbers  in  these  drag  studies,  as  was  the  model  with  suspen¬ 
sion  lines  (See  Sec  5.5.4  above).  In  addition,  the  drag  of  the  20°  half- 
angle  cone  alone  was  measxired  at  Mach  numbers  of  1.06  and  2.0,  and  the  drags 


-49- 


Q 

of  the  34  half-engle  com  elone  and  of  the  eanopj  alone  were  measured  at 
Mach  numbers  of  1.06,  2.0,  and  3*0.  Several  other  configurations,  both 
stable  and  unstable,  were  tested  for  drag,  using  both  the  2XP  and  34°  half- 
angle  cones. 

5.6.3  Kesults 

5.b.3. 1  Fig\ire  7-19  presents  the  drag  coefficient,  Cj),  of  the  two  super¬ 
sonically  stable  configurations  versus  Mach  number  based  on  canopy  surface 
area  (see  Fig  7-5 ,  Progress  Report  No  15  for  Identification  of  parameters). 

The  sharp  peak  in  drag  at  transonic  Mach  numbers  is  characteristic  of  all 
drag  producing  bodies.  However,  this  peak  does  not  show  up  for  all  bodies 
presented  here  due  to  lack  of  tests  over  the  transonic  range.  Figure  7~20 
shows  the  drag  coefficient  of  the  20°  half-angle  cone  alone  (based  on  pro¬ 
jected  area)  and  with  a  canopy  positioned  behind  it  at  various  Mach  numbers, 
and  Fig  7-21  presents  the  same  Information  for  a  34°  half -angle  cone. 

Figure  7-22  presents  the  drag  coefficient  of  the  canopy  alone  at  various 
Mach  numbers.  Figures  7-23  through  7-25  present  the  drag  coefficient  versus 
cone  location  for  transonic  Mach  numbers,  Mach  2.0  and  Mach  3.0,  respectively. 
These  drag  coefficients  are  based  on  the  canopy  surface  area.  Figure  7-26 
presents  the  drag  coefficient  of  the  various  configurations  versus  Mich 
number,  based  on  the  total  surface  area  in  the  configuration.  It  is  believed 
that  the  drag  coefficient  of  the  complete  configuration  can  be  inproved 
through  reduction  of  the  surface  area  (see  Sec  5.6,4). 

5. 6. 3. 2  as  illustrated  in  Figs  7-20  and  7-21 ,  the  presence  of  a  canopy 
behind  the  cone  greatly  decreases  the  drag  of  the  cone;  in  fact,  drag 
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MftMMMiits  of  tho  20^  holf-MiXo  oono  4t  Mieh  2*0  rovoolod  thruit  Inotood 
of  dr«c*  It  woo  eonelodod  that  tho  preoonee  of  the  eanopj  produces  e  re> 
lOtlTOl^  hl^  base  preseure  on  the  cone.  As  seen  In  Figs  7’*23  through  7-25« 
the  drag  coefficient  of  the  node!  with  8uq>ension  lines  is  about  t6;(  higher 
at  Mach  1.04  and  10)(  higher  at  Mach  3.0  than  the  diag  coefficients  of  the  aame 
aodel  without  suspension  lines.  From  Figs  7-23  and  7-24>  it  is  seen  that 
stable  configurations  with  a  34°  half>angle  cone  have  hi^er  drag  than  the 
equlralent  configurations  with  a  20°  half -angle  cone. 

S.6.4  Proposed  llork 

As  mentioned  in  Progress  Report  No  15*  Sec  6.7.3«2j  an  attenpt  is 
being  made  to  li^roTe  the  drag  efficlenqr  of  the  spiked  parachute  by  decreas- 
ing  the  surface  area  of  the  caxK>py.  Supersonic  wind  tunnel  drag  teats  of 
these  reTlsed  models  will  be  conducted  during  the  next  reporting  period. 
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MODEL 


TEST  ARRANGEMENT  FOR  PRESSURE  D\5TRIBUTlON  5TUD\ES 
WITHOUT  A  FOREBODY  AT  MACH  NUMBERS  OF  (  OS  AND  3  0 


FIG  7-?  F>RESSURE  (XlEFFICENT  CHS-  FIG  7-3.  PRESSURE  COEFFICIENT  DIS¬ 
TRIBUTION  OF  A  26%  POROSITY  TRIBUTION  OF  A  26%.  POROSITY 

RIBBON  PARACHUTE  MODEL  IN  RIBBON  PARACHUTE  MODEL  IN 

FREE  STREAM  WITH  SUSPENS.  LINES  FREE  STREAM  WITHOUT  SUSP  UNES 

AT  TRANSONIC  MACH  NUMBERS  AT  TRANSONIC  MACH  NUMBERS 


no  7-5.  PRESSURE  COEFFiQENT  DIS- 
RG  7-4.  PRESSURE  CXJEFFCIENT  DIS-  TRIBUTION  CFA  26%  POROSITY 

TRIBUTION  OF  A  26"/.  POROSITY  RIBBON  PARACHUTE  MODEL  IN 

RIBBON  PARACHUTE  MODEL  AT  '^EE  STREAM  WITH  SUSP.  LINES 

TRANSONC  MACH  NUMBERS  ^  MACH  3.0 


FIG  7-ri.  tx'JlIbLfc.  bXPOSURE  SIADCWGFAPH  GF  hlFfON  FARACHlITli  MODFi,  WITH 
SUaFtNcJIGN  MNE3  IN  FHEhiSTRKAM  AT  MACF  i’.O. 


FIG  7-9.  DCUELE  E!(PC3IJRF;  3HADOWGFAPH  OF  RIBBON  PARACHirTE  WITHOUT 


.SUSPENSION  LINES  IN  FFEESTPEAM  AT  MACH  3.0. 


FIG  7-10.  WATER  ANALOGY 


BEHIND  A  FOREBODY 


]/D^  -=  0.35. 


DYE  AT  M,  -  2,0  OF  A  STAH-E  CONFIGURATION 
AT  L/D  -  4.5;  H/D^  -  0.57,  Dg/Di  -  0.5?, 


FIG  7-H.  WATER  ANAlOCfT  WITH  DYS  AT  •  2.0  OF  A  STABLE  CDNFIQURATION 
BEHIND  A  FOHEIDDY  «T  L/D  -  S,  H/D^  -  0.57,  Do/Dj  -  0.52. 
l/Dj  -  0,35. 


Flo  7-12.  WATER  ANAIOGY  WITH  DYE  AT  ■  2,0  OF  A  STAPLE  on^FTOUPATIO^’J 
H/Dj  -  0.57,  D^/Di  -  0.52,  l/Dj  =  0.35. 


PIO  7-lA.  SPIKED  PARAChUIfi  MODEL  WITH  SUS»tiN3ION  MNJ-iS;  B  *  34'’ 
H/Dj  •  0.681,  Dg/Dj  -  0,89A,  l/Dj  -  0,35. 


FIG  7-15.  stable  ODNFIOUPATION  IN  PENDULUM  TESTS  AT  M,  =  p.no; 
O  -  34°,  H/Dj  -  0.681,  D^Dj  =  0.898,  1/1^  =  0. 


FIG  .JTAnLc,  COr*FiailfiATION  IN  PauUinv  TESTS  AT  M,  ■  ?,00j 

6  -  H/Dj  -  0.M21,  D^Dj  -  0.?9«,  1/0^  •  0.^5. 


FIG  7-17,  STAPU.  CG\'HGUHATION  WITH  SUSPENSION  LINES  AT  M,  «  ?.0i 


TENSION  APPUeO  TO  CABLE 
CONTROLS  MODEL  OSCILLATION 


ns  7-18.  CUTAV>'AY  OF  WIND  TUNNEL  ILLUSTRATING  TEST  ARRANGEMENT 

FOR  DRAG  STUDIES  AT  MACH  I.M 


o 


to 


1.0 

MACH  HO. 

Fl6T-ia  DRAG  COEFFICIENT  OF  TWO  STABLE  CONFIGURATIONS  S/5.  MACH  NUMBERS 
IBA5C0  ON  CANOPY  SURFACE  AREA) 


MACH  NUMOCR 

FIG  7-20  DRAG  COEFFICIENT  OF  CONE  ,  0*20* ,  VS,  MACH  NUMBER 
(EASED  ON  CONE  PROJECTED  AREA) 


2.0 


iTH  CANOPY  AT  M/Di>0.6»l  > Db/Oi-O-BOft. 

I  I  I  I  I  I  I 


MACH  NO. 

nCi  T-21.  DRAG  COEFFICIENT  OF  CONE ,  0'34.* ,  VS.  MACH  NUMBER 
(OASCO  OH  COHC  PAOiCCTCD  AREA) 


DU  Pi  *06)4 
O./D1  >O.a08 


MACH  NUMBER 


FIG  7-^^.  DRAG  COEFFICIENT  OF  CANOPY  VS.  MACH  NUMBER 
(BASED  ON  SURFACE  AREA) 


c. 


ri<i  T-ZZ  DRA6  COEFFlCieST  V5.  CONE  LOCATION  OF 
CONFIOURATIONS  STUDIED  AT  TRANSONIC 
SACCOS.  CONE  UCNOTM<I.C5'',k/Ol*O.S06. 
(&ASCD  ON  CANOPY  SURFACE  AREA) 


FIG  7-24.  DRAG  COEFFICIENT  V5  CONE  LOCATION  OF  CONFIGURATIONS 
STUDIE  0  AT  MACH  2.0.  CONE  LENGTH  -1.85*,  ft/Oi  •O-SOft 
(BASED  ON  CANOPV  SURFACE  AREA) 


M/Ot - >- 

FIG  7-25.  0«AG  COEFriC\ENT  VS.  CONE  LOCATION  OF  CONFIGURATIONS 
STUDIED  AT  MACH  3.0.  CONE  HALF  ANGLE  -  34*>  CONE  LENGTH 
*1.25”,  0,/Oi-O.aDe.  (BASED  ON  CANOPY  SURFACE  AREA^ 


FIG  7-26.  DRAG  COEPriClENT  BASED  ON  TOTAL  SURFACE  AREA  VS.  MACH 
NUMBER  FOR  SEVERAL  CONES  AND  CONFIGURATIONS 


Project  No  8 


^  Theoretical  Anelyals  of  thm  Dynamic a  of  tha  OBenine  Parachute 

6.1  Introduction 

^J»J  In  Progress  Report  No  12,  en  analytical  method  was  submitted  by 
which  the  filling  time  of  a  circular  flat  parachute  could  be  calculated* 

In  Progress  Report  No  14,  an  analytical  method  was  given  for  determining  the 
opening  forces  when  the  filling  time  is  known*  Both  of  these  analytical 
methods  were  based  on  the  assumptions  that  the  drag  area,  C^S,  of  an  inflat¬ 
ing  canopy  increases  linearly  with  time,  and  that  the  drag  coefficient, 
remains  constant  during  the  inflation  process,  implying  a  linear  increase 
of  projected  canopy  area  with  time. 

b.1.2  Studies  which  were  made  to  cheek  the  validity  of  these  assuii^tions 
were  described  in  Progress  Report  No  14*  These  experiments  showed  that  the 
assusption  of  constant  Cq  was  nearly  correct.  However,  the  experimental 
size-force  studies  showed  that  the  projected  area  varies  more  nearly  para- 
bollcally  than  linearly  with  time.  Therefore,  the  analytical  methods  for 
calculating  filling  time  and  opening  forces  have  been  revised  using  the 
assunptlon  of  parabolic  variation  of  drag  area  with  time.  These  new  analy¬ 
tical  methods,  which  include  io^rovements  in  the  method  of  converting  launch¬ 
ing  velocity  to  velocity  at  the  beginning  of  inflation  as  reported  in  Progress 
Report  No  15,  are  presented  in  this  report. 

0. 1 .3  In  Progress  Report  No  15,  revisions  in  the  experimental  test  setup 
for  studying  the  size- force  history  of  the  inflating  parachute  were  reported* 
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A  MV  auapvndfd  mm  ijrttaii  vm  Mtcrlbvd^  Md  probltvt  eonetrnlng  th«  Mfni- 
tud*  of  tbo  tuipoodod  Msa  voro  outllnod.  Durii^  this  report JUog  period,  e 
Mrlos  of  Vlad  tunaol  toata  vara  Mda  la  order  to  atudjr  the  relationship 
betveea  suspended  asaa  and  opening  force.  These  studies  are  reported  in 
See  6.4* 

LJUk  Another  series  of  vlnd  tunnel  experlaenta  sere  conducted  to  neasure 
the  preaaure  distribution  over  the  outer  surface  of  the  Inflating  parachute 
canopy.  The  aodels  representing  earioua  stages  of  the  Inflating  parachute 
vers  described  in  Progress  Report  No  15,  Sec  7.4*1*  The  data  from  these 
sxperlaonts  is  currently  being  reduced,  and  results  will  be  reported  In  the 
next  progress  report* 

6.2  Analytical  InTSstigatlon  of  Parachute  Inflation  Tins 
Introduction 

6.2. 1.1  Nhen  a  parachute  is  deployed  dovnstrean  of  a  body,  it  is  in  a 
deflated  elongated  shape,  and  the  net  gain  of  the  air  flowing  in  and  out  of 
the  parachute  alters  tbs  shape  of  the  canopy  until  a  final  shape  of  inflation 
is  reached.  During  this  process  of  inflation  a  retarding  force  acts  upon  the 
load  connected  to  the  parachute,  and  the  aagnitude  of  this  force  is  a  Ibnetion 
of  the  duration  of  the  inflation,  usually  called  opening  tlM,  Therefore, 
the  detenslnation  of  the  opening  tine  is  a  Texy  ioportant  natter. 

(>.2.1.2  Approxlaations  hare  been  aade  of  the  filling  tlsn  fron  movies,  but 
these  are  dependent  on  definite  restrictive  conditions  such  as  canopy  loading. 
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•qulllbriuB  veloeltor,  ate  (Raf  1,  p  A-2-3)>  Thaaa  nathods  ara  In  ganaral 
unsatisfactory. 

6.2. 1.3  Analytical  mathods  for  dataralning  the  filling  tlsw  of  a  parachuta 
hava  baan  attaaptad  in  ^Ich  siapllflad  shapas  wera  assunad  for  the  Inflating 
canopy  to  raduea  tha  conplaxity  of  the  problem  (Raf  2).  Rowavar,  thasa  mathods 
are  still  too  complicatad  for  practical  use.  Tha  purpose  of  this  study  is  to 
attempt  a  solution  for  the  filling  time  under  assumptions  concerning  tha 
Inflating  canopy  shape  which  are  still  restrictive,  yet  lead  to  a  slaqjler  treat- 
mant  of  the  problem. 

6. 2.1. A  Because  of  tha  complex  physical  process  involved,  and  in  spite  of 
simplifying  assumptions,  tha  analytical  a]q)ras8lon  obtained  for  filling  time 
is  a  cosqplieatad  integral  aquation  which  cannot  be  integrated  directly.  How¬ 
ever,  it  is  possible  to  perform  a  numerical  integration  for  any  particular 
ease. 

6.2.2  List  of  Symbols 

a  •  Speed  of  sound  (ft/sec) 

A  Dimensionless  constant  ■  10  W/9  f 

B  -  Constant  -  5(  C  ^  (sec/fi) 

c  »  Effective  porosity  u/v 

Cq  «  Drag  coefficient  of  parachute 

C^S  «  Drag  area  of  inflating  parachute  canopy  (ft^) 

d  ■■  Diameter  of  canopy  mouth 

D  ■>  Projected  diameter  of  canopy  durli^  Inflation  (ft) 
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•  Moalnal  dlAa«t*r  of  porochuto  eanopgr  (ft) 

f  «  Aeeoloratlon  dut  to  Xarth't  groYltgr  (ft/ioc^) 

K*  m  App^rwt  aoM  Mofflelont 

■  Loiifth  of  •uq>onoion  linet  (ft) 

•  Included  aaas  (aluge) 

■  Apparent  aaaa  (aluga) 

N  ■■  Mieh  nvuabar 

p  •  Ataoapharie  proaaura  (Ib/ft^) 

p^  *  Total  proaaura  (ib/ft^) 

P  •  Tha  inatantanaoua  opaning  fcrca  (iba) 

S  •  Projaetad  area  of  canopy  during  Inflation  (ft^) 

tf  •  Filling  tlaa  (aae) 

T  •  t/tj^^atlo  of  inatantanaoua  tlae  to  filling  tine 
tt  •  Velocity  of  flow  through  canopy  roof  (ft/aae) 

▼  *  Velocity  during  inflation  (ft/aae) 

▼in  *  Velocity  of  flow  through  canopy  stout h  (ft/aac) 

Vq  Velocity  at  tha  beginning  of  inflation  (ft/aac) 

V  •  Canopy  voluae  during  inflation  (ft^) 

W  -  Weight  of  auapanded  load  (iba) 

p  •  Air  denaity  (aluga/ft^) 

cr  «•  standard  Atnoaphare  density  ratio 

oc  •  Flatio  of  the  length  of  suapenaion  lines,  to 
noadnal  dlanater  of  the  canopy,  0^. 

6.2.3  Detezednation  of  Basie  Working  Bquation  for  Filling  Tlaa 

6. 2. 3.1  Associated  with  a  parachute  aioTlng  through  air  is  a  drag  force 
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on  tho  shapo  of  tho  eaaopj.  This  drag  fores  is  usually  txprtssad  in  a 
fora  slBllur  to  other  aerodynaalc  forces »  and  Is  the  product  of  the  dynaaie 
pressure  of  the  fluid  (|pT^)  and  the  so-called  "drag  area*  of  the  parachute 

(CqS). 

6.2. 3.2  The  prloary  assumption  to  be  made  in  this  Investigation  is  that  the 
drag  area  of  the  inflating  canopy  increases  parabolleally  uith  time  and  that 
the  total  filling  time  is  also  a  consequence  of  this  relationship.  Also*  it 
will  be  assuawd  that  the  drag  coeffieientf  Cd,  I'emains  constant  for  the 
various  shapes  that  the  canopy  assumes  during  the  inflation  process.  Both 
the  above  assumptions  have  been  verified  ej^rlasntally  and  found  reasonably 
accurate. 


6. 2. 3. 3  With  the  assumption  that  the  drag  area  increases  parabolleally  with 
time  while  the  drag  coeffleisiA  remains  constant,  a  parabolic  increase  of 
projected  area  with  tlsm  is  obtained.  Thus,  the  projected  area  S  can  be  ex¬ 
pressed  as 


The  proportionality  constant  K  is  found  from  the  condition 

D  ■  whan  t  *  t  ^  y 

which  gives 


(8.2) 


Considering  only  circular  flat  parachutes  with  nominal  diameters,  Do.  and 
considering  the  fully  Inflated  canopy  to  te  hemispherical  (Fig  8-1), 
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(8.3) 


Mill  b«  •xprviMd  bj 


With  this  rsl^tionshipt  squstlon  (6.2)  bsooMS 


Substituting  this  sxprsssion  for  K  into  equation  (8.l)  gives 


(8.4) 


(8.5) 


J3a^T  ,  (8.6) 

%^ers 


6. 2.3. 4,  Thw  psrsehute  shape  during  inflation  is  assuwd  to  consist  of  a 

hsBisphere  of  dianeter  D  and  a  truncated  cone  with  lower  base  of  diaaeter  D 
and  upper  base  of  diaaeter  d,  as  shown  in  Pig  8-2  (Ref  7).  This  assuaption 
is  not  exactlj  correct,  since  the  conical  and  epherlcal  surfaces  should  actu- 
alij  Join  tangentiall/,  which  would  asks  the  spherical  portion  slightly  acre 
«han  a  heaisidMire.  This  slight  difference  la  neglected.  Then,  by  siallarlty, 


D _ 

i-j  • 


(8.7) 
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Substituting  ths  vslut  of  0  froft  squstlon  (S*6}  In  tquntlon  (6.7)  glvss  ths 
vslus  of  ths  Instant snsous  south  dlsswtor  d  so 


at,  +  D.  - 


(8.8) 


6.2. 3. 5  Psrdchuts  cunoplss  srs  normslljr  constructed  of  porous  fabrics  uhich 
allow  a  certain  portion  of  the  air  inflow  to  penssate  the  canopy  roof.  It  Is 
the  difference  between  the  mass  flow  entering  the  canopy  mouth  and  the  mass 
flow  through  the  canopy  roof  that  causes  the  canopy  to  Inflate.  Thlu  may  be 
expressed  mathematically  as 

(8.,) 

Since  the  Inflation  of  the  parachute  requires  little  time,  changes  in 
altitude  are  negligible,  and  it  can  be  assumed  that  the  air  density  remains 
constant. 

6. 2. 3. 6  It  is  necessaiy  to  express  the  inflow  and  outflow  velocities, 

and  u,  as  functions  of  the  velocity  of  the  system,  v.  At  the  beginning  of  the 
inflation  process,  the  inflow  velocity  is  nearly  equal  in  siagnitude  to  the 
free  stream  velocity,  whereas  after  complete  inflation  a  stagnation  point  is 
fomed  and  the  inflow  velocity  is  negligible,  as  an  approximation,  it  is 
assumed  that  the  inflow  velocity  decreases  linearly  with  time,  which  gives 

Vu 

«  I  -  T.  (8.10) 
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Th»  flov  Tslocltgr  through  tht  eanopj  roof  is  then  sssuasd  to  be  proportional 
to  the  inflow  velocity.  This  gives 
UacCVin  , 


where  c  Is  the  "effective  porosity"  of  the  fabric,  defined  as  the  ratio  of  the 
outflow  velocity  to  the  inflow  velocity  of  the  flow  through  ^  porous  fabric 
(fief  $).  Thus,  for  equation  (6. tl)  to  hold,  the  flow  velocity  just  inside  the 
canopy  roof  must  be  equal  to  the  Inflow  velocity  through  the  mouth. 


6^2.3. 7  Now  ty  substituting  equations  (8.6),  (8.8),  (8.10)  and  (8,11)  into 

equation  (8.9)  and  dividing  by  o  ,  one  obtains 


( 


TT 


I 


fiL. 


2Lj-hD.  - 


^  making  the  substitution 


dt*tfdTj 

equation  (8.12)  becomes 


(8.12) 


dV  _  D.^  vt/  (l-T^T* 
dT  T 


[(■ 


aL, 


2L,-*-D.-DoT 


(8.13) 


Equation  (8.13)  represents  the  basic  workit^  equation  for  finding  the  fining 
time,  tf.  Ey  expressing  v  as  a  function  of  T  and  integratir^  the  right  side 
from  T  =  0  to  T  =■  1,  and  the  left  side  from  V  =  0  to  V  »  a  solution  for 
the  filling  time  can  be  obtained. 
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The  Infinite  Mass  Case 

There  are  two  Important  cases  to  be  considered  when  Investigating 
the  velocity  of  tlrn  system  during  inflation  of  the  parachute.  The  first  is 
called  the  "infinite  mass"  ease,  vdiere  the  velocity  of  the  system  does  not 
change  appreciably  during  inflation  and  can  therefore  be  considered  constant 
(Ref  1 ) , 


To  solve  for  the  filling  time  in  the  infinite  mass  ears,  equation 
(6.T3)  can  be  directly  integrated  with  v  constant  and  equal  to  v^,  the 
velocity  at  the  beginning  of  inflation.  Putting  equation  (6.13)  in  integral 
form,  one  obtains 


Dfl  Voty 
TT 


2L. 


^t-S+Cb-C^Tj 


-2C 


dT» 


(8,U) 


Integrating  Equation  (6.14)  gives 


y  =  ^ 


Do» 


,au(*u-»-oj  _  gus(iZLf-.»ua.t-a?)  _  ^ 

6 


But  V  can  be  expressed  as 
max 


V. 


ZD. 


max 


3  n 


(8.16) 
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SabititutlBg  tqiMtion  (6.16}  in  •quntion  (8. 15)#  th«  v&lut  of  eon  bo 


obtoinod  00 


Oo^ 


In 


_  lgLf(gLa_tD^,^^  -2L; 


Do* 


t 


(8.17) 


Squotlon  (8.1?)  gives  a  relation  for  finding  the  filling  tine  for  the  infinite 
■aea  case.  If  the  length  of  the  suspension  lines  is  taken  equal  to  the 
diSMter  of  the  canopy  Do*  the  value  of  the  filling  tine  tf  for  the 
infinite  aass  ease  can  be  sl]!q)lifiBd  to 

i  _  (8.18) 

^  3tr\4(o.059-'|*) 

The  Finite  Mass  Case 


6.2.5. 1  The  second  case  to  be  considered  is  the  "finite  mass"  case,  in 
tfhich  the  velocity  of.  the  systen  does  change  appreciably  during  the  inflat¬ 
ion  process.  This  case  is  much  more  complicated  than  the  infinite  mass  case, 
and  Newton's  Second  Law  of  Motion  must  be  used  in  the  Investigailon.  Newton's 
Second  Law  '^jates  that  an  unbalanced  force  which  acts  on  a  body  produces  a 
rate  of  change  in  the  momentum  of  the  body  equal  to  the  unbalanced  force. 

It  can  be  written  as 
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(8.19) 


dt 

In  the  case  of  an  inflating  paraclute,  the  force  F  le  the  aerodynamic  drag 
force,  F  «  (^/2)C{)Sv^,  and  the  mass  term  m  Includes  the  mass  of  the  suspended 
load  W/g,  the  maos  of  the  air  trapped  in  the  canopy,  called  included  mass 
mj^,  and  a  term  called  '^apparent"  mass  vdiich  results  from  the  transfer  of 
energy  to  the  surrounding  air  of  a  body  moving  through  the  air.  The  mass  of 
the  parachute  canopy  and  suspension  lines  is  neglected.  It  is  necessary  to 
investigate  both  the  included  and  apparent  masses  before  attemptihg  to  deter¬ 
mine  the  velocity  during  inflation. 


6.2.5. 2  As  mentioned  before,  the  included  mass  is  the  mass  of  the  air 
trapped  within  the  parachute  canopy  and  can  be  expressed  as  m^  *  ^V,  An 
expression  for  the  canopy  volume  is  then  necessary.  The  volume  of  the 
canopy  is  (See  Fig  8-2) 


V-  V, 


hemisphere 

/n\* 


rostrum 


(8.20) 


3L 

3 


Substituting  equations  (8.6)  and  (8.8)  into  equation  (8.20)  gives 


^  3 
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Th«n  tlM  laolttdid  mm  can  be  esqpreMad  es 


V  ; 

61.2.5.3  To  iUustrete  the  elcnifleance  of  the  Included  mass,  Table  8-1  was 
prq>ared.  This  table  gives  the  Included  mass  of  various  Inflated  parachutes 
at  sea  level  densltj  assuming  that  the  length  of  the  sui^ension  lines  L 

8 

is  equal  to  the  nominal  diameter,  Do.  of  the  canopy.  It  shows  that  for 
retardation  parachutes,  the  Included  mass  may  be  an  important  item  and  in 
each  particular  situation  the  effect  of  the  included  ness  should  be  investi¬ 
gated  in  order  to  determine  its  siffiiflcance.  Since  this  study  is  concerned 
mainly  with  the  general  retardation  problem,  the  included  mass  term  will  be 
considered  in  the  analysis. 


Do  (ft) 

m^  (slugs) 

m^  (lb) 

20 

1.283 

41.4 

28 

3.540 

114.0 

40 

10.270 

330.5 

60 

34.700 

1119.0 

Table  e-i .  included  Mhss  of  fully  inflated  phRhchutes 
OF  Various  diameters 


6.2.5.L  During  the  inflation  of  a  ]xirachute  canopy,  the  flow  pattern  and 
kinetic  energy  of  the  air  surrounding  the  canopy  undergo  extreme  changes  due 
to  the  unsteadiness  of  motion  and  the  changing  shape  of  the  canopy.  This 
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of  energ7  results  In  e  force  and  Is  related  to  an  increase  in  bsss 
called  the  "apparent"  mass  (Ref  3).  For  regular  solid  bodies,  such  as  spheres, 
in  potential  flow  the  apparent  mass  can  be  developed  exactly.  It  is  possible 
to  express  the  apparent  mass  of  solid  bodies  of  revolution  as 

m,  *  K'-TTR*))  (8.23) 

whore  R  is  the  radius  of  the  body  and  K*  is  a  constant  determined  by  the  shape 
of  the  body.  For  a  solid  sphere,  K'  «■  0.666  and  for  a  solid  flat  disc,  K* 

-  0.849  (Ref  4). 

6.2. 5.5  Heinrich  (Ref  5)  attempted  experimentally  to  determine  the  apparent 
mass  of  fully  Inflated  parachutes  of  various  types  made  out  of  porous  cloth, 
and  found  that  a  value  of  K*  «  0.25  gave  a  close  approxiwtlon.  Since  theo> 
retical  approaches  to  the  problem  of  apparent  otiss  consider  only  solid  bodies, 
It  appears  that  the  most  applicable  assumption  for  the  i^pparent  mass  of  an 
inflating  parachute  should  be  based  on  this  experimental  work  done  with 
porous  fabrics.  Therefore,  It  will  be  assumed  that  the  apparent  mass  of  the 
fully  Inflated  parachute  has  a  coefficient  of  K'  »  0.25,  the  value  provided 
in  Ref  5.  This  coefficient  apparently  changes  in  value  during  the  inflation 
process,  because  if  the  assumption  were  made  that  it  remained  constant,  the 
canopy  would  have  an  apparent  mass  equal  to  that  of  a  Iblly  Inflated  parachute 
with  a  projected  diameter  equal  to  the  projected  diameter  of  the  inflating 
canopy.  The  inflating  canopy  is  more  streamlined  in  shape  than  an  Inflated 
canopy  of  the  same  nominal  diameter,  and  therefore  its  apparent  mass  will  be 
less.  Under  these  considerations,  the  ^proxiskitlon  is  made  that  the  apparent 
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MM  eMffloi«nt  variet  Unaarlj  with  tin*  dating  inflation,  rMching  a 
MxiMBn  valua  of  0*25  at  full  inflation.  This  is  apparsntly  the  upper 
liait  and  shall  be  expressed  as 


K'-  0.&5  T  . 


(8.24) 


The  apparent  mass  froa  equation  (8.23)  can  then  be  expressed  as 


O.eS  IT  T  . 


(8.25) 


With  R  <■  D/2  *  Dq/'TTT,  equation  (8.25)  can  be  written  as 

T^.  (8.26) 

Equation  (6.26)  gives  the  value  of  the  apparent  aassj  from  the  equation  it 
can  be  seen  that  it  Is  not  small  and  hence  cannot  be  neglected. 


6.2. 5.6  The  total  aass,  a,  «diieh  was  defined  as  the  sum  of  the  suspended 

load  W/g,  the  included  mass  a^  and  the  apparent  laass  can  now  be  expressed 
as 


4-  -4*  fn* 


(8.27) 


bubstltutlng  the  values  of  and  from  equations  (8.22)  and  (8.26), 
respectively,  gives 


(8.28) 
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In  view  of  the  coining  integration  it  is  neeessargr  to  siaqpliiy  the  above 
expression.  The  sjqpression 


ax* 

3Tr 


®(aL.t ot-aTt_ J{^*  '■’“I" 


4T*  .  T 


4Tr‘ 


(8.29) 


can  be  simplified  by  letting 


Then  the  expression  (8.29)  can  be  written  as 


S-f  i }*  **. . 

to 


(8.30) 


(8.31) 


6.2.5.?  In  general,  the  value  of  oc  for  conventional  parachutes  is  between 
0.75  and  1.  The  numerical  values  of  the  e^qpression  (6.29)  were  found  for  both 
“  0.75  and  1.0  for  values  of  T  between  0  and  1  in  0.1  intervals.  These 
values  are  tabulated  in  Tables  6-2  and  8-3,  and  plotted  in  Fig  8-3.  It  is 
evident  from  the  figure  and  tables  that  the  values  of  o^  in  the  interval  0.75 
to  1  does  not  have  any  significant  effect  on  the  value  of  the  expression 
(8.29)  in  the  region  of  interest  0<T<  1.0.  From  Fig  8-3  it  can  be  seen 
that  this  eaqjression  can  be  approximuted  closely  by  the  parabola  T2/io. 


6.2. 5.6  Using  this  simplification  of  the  last  paragraph,  the  total  mass 
Can  be  expressed  as 


10 


(8.32) 
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(#.32)  la  Mcwtoa't  Law  (•^•tloa  (8.19)1  glvat 


(8.33) 


Bit  b7  th*  AiflduMntal  assuaption  that  drag  araa  varies  parabolieallj  with 
tlM  tha  iaataataaeoua  draf  area  (^S  can  be  eapressed  as 

C,S-(C,S)^  T*. 

Substituting  equation  (8.34)  and  aisqpliiying  equation  (6.33)  gives 


where 


A» 


tow 

9f^ 


(8.35) 


(8.36) 


(8.37) 


or 

I  dv  ZT  I  _  BT*  (8.38) 

^dT  ^  (A*T‘)  V  /TT^  . 

Defining  l/v  as  x,  one  gets 


dX  _  ZT  ^  _  BT* 

St  A^T‘  A*T*  . 


(8,39) 


Equation  (8.39)  la  an  ordinary  linear  differential  equation  and  can  be 
solved  to  give 


^  B(A^T‘)/  I  T 


)  -|-C(A*T‘) 


(8.40) 
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wher«  C  it  a  eonstant  of  intagratloni  or 


Tha  eoiistant  is  avaluated  uaing  tha  condition  that  v  •  ahan  T  •  0, 
and  finally  tha  valua  of  inatantanaoua  valocity  can  ba  axprassad  aa 


V« 


•^n^TAN'X--Tl 

2  ™  X  J 


A*T* 


(8.42) 


6. 2. 5. 9  Substituting  into  tha  basic  working  aquation  (6.13)  tha  valua  of 
V  givan  ty  equation  (8.42)  and  writing  tha  resultant  aquation  in  integral 
fomi  tha  following  expression  is  obtained,  froa  which  the  filling  tiaa  for 
tha  finite  mass  case  can  ba  datarainad: 


CCvtO-T)T»tf 

1T 

l2.L»*Cb-lxT  / 

2 

Ltjt- “^J 

dT  . 


(8.43) 


The  right  hand  expression  cannot  ba  integrated  directly  without  making 
serious  assumptions  and  simplifications.  Therefore,  to  datenaine  the  fill- 
ing  time  accurately,  a  numerical  integration  of  the  expression  is  necessary. 
This  is  further  complicated  by  the  fact  that  tha  integrand  contains  tf, 
which  necessitates  the  use  of  a  trial  and  error  solution. 

6.2.6  Numerical  Solution 
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SiAOt  it  it  not  potaiblt  to  inUgrtta  tquttion  (8.43)  i  tht  follow^ 
ing  nuaariotl  atthod  eta  bt  uatd  to  dttenilM  the  flUiag  tint  for  any  given 

e«Mt 

(t)  Cdleulete  the  voluM  of  the  fully  iafUted  pereohube  ^taikx 
attuaing  it  to  be  a  heaitphere 


(2)  Caleulete  the  oorreq>ondlng  value  of  the  effective  poroaity, 
aa  outlined  in  Progreaa  Report  ho  tA,  Sec  7.2.1. 

(3)  Calculate  the  velocity  at  the  beginning  of  inflation  Vg  as 
outlined  in  Progreaa  Report  No  15,  Sec  7.2. 

(a)  aaauae  a  value  of  the  filling  tiae  t^  which  appears  to  be 
in  the  right  order  and  calculate  the  value  of  the  integrand 


(8.,  44) 


for  T  vaxying  froa  0  to  1  in  intervals  of  0.1.  These  calcula¬ 
tions  can  be  nude  conveniently  on  a  calculation  sheet  as  shom 
in  Fig  8-4. 

(5)  Plot  the  value  of  the  Integrand  obtained  under  (a)  above 

versus  T,  and  asasure  the  area  under  the  curve  with  the  help 
of  a  planineter.  This  area  represents  the  numerical  value  of 
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th«  rlfht  h4nd  •!<!•  of  oquoilon  (6.43)  •  If  this  valuo  !• 

equal  or  approxiaotolj  equal  to  the  volume  of  the  parachute 
♦ 

eanopgr  calculated  under  (l)  above,  the  aseumed  filling  time 
represent  a  a  satisfactory  ^proxlmatlon  of  the  filling  tine. 

(6)  If  the  process  under  (s)  does  not  show  satisfactory  agreement, 
take  several  values  of  t^  and  repeat  operations  (4)  and  (5)> 

(7)  Compare  again  and  If  no  satisfaction  is  reached,  plot  a  curve 
showing  ths  msasured  areas  obtained  in  the  preceding  operations 
versus  the  assumed  values  of  the  fllllig  time,  and  from  this 
find  the  particular  value  of  t^  for  which  the  value  of  the 
curve  equals  the  volume  of  the  canopy.  This  value  gives  the 
calculated  value  of  filling  time. 


Analytical  Investigation  of  Parachute  Opening  Force 

6.3.1  The  force  experienced  ty  a  parachute  canopy  during  the  inflation 
process  can  be  found  Newton's  law 


W  ^ 
g  dt 


(8.45) 


The  value  of  dv/dt  can  be  found  from  equation  (8.39) 


dF  tf  dT  ”  17  A  +  T* 


dy  _  T\rf  ] 

dt  V  A ♦T*  / 


where  the  value  of  v  is  given  by  equation  (6.42). 


(8.46) 
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Substlttttisf  th«  TAlua  of  dv/dt  froa  equation  (6.46)  into  equation  (8.45)f 
the  force  e3q>erleneed  It^-  the  inflating  canopgr  can  be  expressed  as 


(6.47) 


6.3.2  It  is  not  possible  to  find  the  maxiaxai.  opening  force,  the  opening 
shock,  directly  from  equation  (8.47)  above.  Therefore,  using  the  value  of 
t|.  found  by  the  analytical  method  in  Sec  6.2  above,  the  value  of  P  given 
above  is  calculated  for  T  ranging  from  0  to  1  in  intervals  of  0,01 ,  These 
calculations  can  be  made  on  a  calculation  sheet  such  as  the  one  shown  in 
Pig  6-5.  The  values  of  P  are  then  plotted  versus  T,  and  a  smooth  curve 
drawn  through  the  points.  From  this  curve,  the  value  of  the  opening  shock 
can  be  found  as  desired. 


6.3.3  Comparison  of  Theoretical  and  Esqjcrimental  Results 

6. 3.3.1  In  order  to  check  the  accuracy  of  the  analytical  method  for  cal¬ 
culation  of  opening  forces  and  filling  times,  results  are  compared  with  the 
experimental  data  presented  in  Ref  8,  To  cover  the  range  of  experimental 
data  given  in  this  reference,  five  launching  velocities  were  chosen,  namely, 
=  1CX),  150,  200,  250,  and  500  knots.  Three  different  altitudes  of  7,000, 
14,000,  axxl  20,000  ft  were  chosen  as  in  the  reference.  These  launching 
velocities  were  converted  to  velocities  at  the  beginning  of  inflation  and 
presented  in  Fig  8-3,  Progress  Report  Mo  15,  Since  it  is  more  accurate  to 
compare  opex.ing  forces,  calculations  will  be  made  based  on  the  theory  des¬ 
cribed  above  for  a  28  ft  circular  flat  parachute  at  the  above  values  of 
launching  velocity  and  altitude. 
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6.3. 3.2  Prelialmiy  calcul<itlons  of  opening  forces  have  been  made  for  an 
altitude  of  20,000  ft,  and  Fig  8-6  coiiq;>area  experimental  and  theoretical 
values  for  that  altitude.  It  is  seen  that  the  calculated  values  are  lower 
than  the  experimental  results,  but  are  of  the  right  augnitude.  It  is  noted 
that  the  discrepancy  does  not  vary  with  the  launching  velocity.  These  results 
are  tentative  and  subject  to  revision.  No  Judgment  of  the  theory  should  be 
made  until  opening  forces  for  altitudes  of  7,000  and  14»000  ft  are  compared 
vdth  experimental  results. 

6. ill  Size-Force  history  of  Inflating  Parachutes  in  a  Wind  Tunnel 

6.1..1  During  this  reporting  period,  a  series  of  tests  were  made  to 

detennine  the  proper  nagnltude  of  suspended  mass  which  should  be  used  to 
represent  the  finite  mass  case  of  parachute  opening.  The  revised  suspended 
mass  system,  shown  in  Fig  8-7,  was  described  in  detail  in  Progress  Report 
No  15,  Sec  7.3«3*  Ihe  range  of  weights,  W^,  of  the  suspended  pass,  includ¬ 
ing  the  weight  cart,  was  from  2.00  to  5.25  lbs.  These  weights  were  used  in 
conjunction  with  two  circular  flat  parachutes  with  nominal  diameters  of  16 
inches  and  4  ft. 

6.4.2  Figures  8-8  and  8-9  present  typical  force-time  histories  for  the 

two  parachutes  using  various  values  of  suspended  mass,  W  .  Durir^  the  test 

runs,  high-speed  movies  were  taken  from  such  a  position  that  the  behavior 

of  the  suspension  lines  and  canopy  could  be  observed.  Close  examlmtion  of 

these  films  showed  the  parachutes  to  behave  nornaliy.  The  range  of  values 

of  W  did  affect  the  opening  time  to  a  slight  extent, 
s 
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fte  important  qaattion  is  whsthtr  ths  fiaita  or  tha  Inflnita  mass 
easa  of  paraehuta  opaning  la  actually  baiqg  rcpreaantad.  If  the  euspaidad 
aasa  is  too  groat,  tha  inflnita  mass  casa  may  ba  rapreeanted,  and  the  value 


of  would  have  to  be  dacreaaed  In  order  to  obtain  the  finite  mass  case  as 
desired.  Let  us  use  to  denote  the  nxlnuiB  opening  force  (opening  shock) 
between  parachute  and  su^ended  mass,  and  to  denote  the  force  obtained 
«dth  constant  velocity  on  the  fully  Inflated  parachute  (steady  state. 

Infinite  mass  case),  defined  as 


Ft  -  ^  (8.48) 

where  (CDS)  *  oaxliBum  drag  area  of  the  canopy 

BSX 

qf  «  free  stream  dynamic  pressure. 

For  the  Infinite  mass  case,  F  >  F  .  However,  for  the  finite  mass  case, 

'  max  c 

the  opening  shock  Is 


fVnAX  ~  ^  (8.49) 

tdiere  the  mspllflcatlon  factor,  X  <1.  Then  F  <  F  . 

max  c 

6.L.4  At  the  dynamic  pressure  xised  in  the  tests  of  the  4  ft  circular  flat 

parachute,  and  using  the  appropriate  (C  S)  the  force  F_  is  approximately 

y  nax  V 

65  to  75  lbs.  Therefore,  the  finite  mass  case  is  represented  for  the  range 

of  values  of  W  in  question, 
s 

At  the  dynamic  pressuTe  used  in  the  teats  of  the  16  inch  circular 
flat  parachute,  and  using  the  appropriate  (^D^^nax*  F'c  ^  between 

2  and  3  lbs.  From  Fig  8-9  we  see  that  a  suspended  mass  of  2.0  lbs  represents  a 
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borderline  between  the  infinite  and  finite  nase  cases,  tdiere  the  opening 
shock  is  nearly  equal  to  the  "steady  state"  force, 

6.L.6  Since  the  parachute  travel  distance  in  the  test  section  of  the  wind 
tunnel  is  limited,  it  has  been  decided  to  use  a  3  ft  nominal  diameter  cir¬ 
cular  flat  parachute  together  with  a  suitable  value  of  in  future  studies 
in  order  to  insure  ttmt  the  parachute  is  coo^letely  open  at  the  end  of  the 
run, 

6.5  Proposed  Work 

6.5.1  Based  on  the  analytical  methods  given  in  Sec  6.2  and  6.3  above, 
calculations  will  be  made  for  opening  time  and  opening  forces  of  a  28  ft 
circular  flat  parachute  at  altitudes  of  7,000,  14,000,  and  20,000  ft  and 
launching  velocities  of  100,  150,  200,  250,  and  300  knots*  These  results 

will  be  compared  with  ejq^erlmental  r'^sults  from  Ref  8* 

6.5.2  The  deviation  between  experimental  and  theoretical  results  will 
be  studied,  and  efforts  vdll  be  made  to  further  improve  the  theoiy  so  that 
results  can  be  brought  into  closer  agreement. 

fe-5-3  A  series  of  size-force  studies  will  be  made  in  the  subsonic  wind 
tunnel  using  a  3  ft  circular  flat  parachute  wit  h  a  suitable  value  of  sus¬ 
pended  mass  to  represent  the  finite  aass  case.  High-speed  movies  of  the 
opening  canopy  will  be  nade  while  a  simultaneous  force-time  history  is  being 
recorded . 

6. 5.4  The  pressure  distribution  over  the  outer  surface  of  models  repre- 
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Mirtiag  sh^t  of  th«  Inflatlnt  parochubo  eanoj^  will  b«  det«r> 

■lAod*  Aa  BNitlomd  in  See  6.1.4  aboTO,  thaaa  osqMrlJMnts  have  bem  wde, 
and  data  is  earrantlj  being  reduced.  This  will  be  completed  and  the  results 
presented  In  the  next  progress  report. 

6.1.1  A  series  of  seven  models  of  various  shapes  of  the  inflating  para¬ 
chute  sisdlar  to  the  ones  made  for  the  external  pressure  distribution 
(described  in  Progress  Report  Mo  15»  Sec  7.4.1)  are  being  made.  These  models 
will  be  used  to  measure  the  pressure  distribution  over  the  Internal  surfaces 
of  the  inflating  parachute  canopgr. 
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FIG  6-2.  parachute:  shape  during  inflation 


T 


FIG8-J.  APPROXIMATION  OF  <(T)  IN  THE  TOTAL  MASS 
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FtG  8-5  .  CALCULATION  SHEET  FOR  FINDING  THE  MAX  OPENING  FORCE  FOR  A  FLAT  CIRCULAR  PARACHUTE 
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n<aa-6.  COMPARISON  OF  CXPCRIMCNTAL  AND  THEORETICAL  VALUES 
OF  OPCNINC  FORCE  FOR  A  Zd  FT  FLAT  CIRCULAR  PARACHUTE 
DEPLOYED  at  20,000  FEET  ALTITUDE 
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F\G8-8.  typical  force -time  HISTORIES  FOR  4  FT  CIRCULAR  FLAT 
RARACHUTE  WITH  VARIOUS  VALUES  OF  SUSPENDED  MASS 
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Project  No  9 


2^  atAtiatieol  Amilyili  of  Sgtraction  Tlao.  Daploraent  Tlae. 

Optniag  TIm.  ttti  Pr^g  9atffisl»nt.ftr  pyjiyynr 

7.1  The  draft  of  the  final  technical  report  of  this  project  has  been 

copqpleted,  and  Is  currently  being  reviewed. 
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Project  No  10 


Study  sX-fafliiC  frjjtfApigfl  Piaulmlga  iiti  RgUrdtUfifl 

Pgyjffgg 

iA  Introduction 

fiJU.  The  objective  of  thin  study  Is  to  detenrlne  the  effect  of  the  pre¬ 
sence  of  a  blunt  primary  body  ahead  of  the  vortex  ring  parachute  on  Its  drag 
characteristics  and  rotational  velocity. 

8. 1 .2  The  geometrical  characteristics  of  the  vortex  ring  parachute^  a 
description  of  the  apparatus  used  to  measure  drag  of  the  model,  and  the  drag 
and  rotational  characteristics  of  the  model  alone  as  a  function  of  free 
stream  velocity  were  presented  in  Progress  Report  No  12.  The  drag  coeffi¬ 
cient,  Cq,  as  a  function  of  free  stream  velocity  and  Reynolds  number  over  an 
extended  range  was  presented  in  Figs  10-2  and  10-3  of  Progress  Report  No  13. 

8.1.3  The  blunt  body  in  these  tests  Is  a  slmultated  A-22  Cargo  Container 
with  prototype  dlmend.ons  60  x  52  x  A3  Inches.  A  32  ft  nominal  diameter 
vortex  ring  cargo  parachute  was  taken  as  a  reference  prototype  parachute. 
Because  the  vortex  ring  parachute  model  has  a  nominal  diameter  of  1.48  ft, 
the  simulated  container  has  the  dimensions  2.78  x  2.41  x  2.00  inches,  with 

a  frontal  area  of  4*82  square  inches.  The  distance  from  the  confluence  point 
of  the  parachute  model  suspension  lines  to  the  simulated  container  Is  equi¬ 
valent  to  a  10  ft  riser  on  the  prototype. 

8.2  Experiments 
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To  aMMirt  tht  drag  of  tha  parachute  with  blunt  body,  the  similated 
ooBtaiMr  was  aounted  in  the  test  section  as  shown  in  Fig  10-1,  with 
the  drag  line  for  the  parachute  running  freely  through  the  center  of  the  con¬ 
tainer  to  the  strain  gage  drag  pickup  described  in  Progress  Report  No  12, 

See  9«2.2  and  Pigs  10-1  and  10-A. 

The  drag  and  rotational  characteristics  of  the  model  were  measured 
at  free  stream  velocities  between  70  and  221  ft/sec,  corre^onding  to  a 
lange  of  dynamic  pressures  from  1  to  10  inches  of  water,  at  Intervals  of  1  inch 
water.  The  tests  were  conducted  as  follows: 

1)  The  dynamic  pressure  settings  were  accurately  controlled 
using  a  mleromanometer  reading  to  0.001  inch  water  head. 

2)  Drag  measurements  were  recorded  over  a  period  of  5  sec  at 
each  Incremmfit  of  dynamic  pressure  throu^  the  use  of  a 
Century  Recording  Oscillograph,  thereby  allowing  an  average 
value  to  be  determined. 

3)  At  each  increment  of  dynamic  pressure,  the  rotation  of  the 
model  was  recorded  using  a  high  speed  movie  camera  and  the 
method  described  in  Progress  Report  No  15,  3ec  9.3.4. 

4)  When  a  dynamic  pressure  of  10  inches  of  water  was  reached, 
the  cycle  was  repeated.  A  total  of  three  cycles  completed 
the  test. 

8.3  Results 

&.3.J  It  is  found  that  the  drag  coefficient  for  the  parachute  with  the 
blunt  body  in  front  varies  from  Cp  -  1.15  at  50  ft/sec  to  1.32  at  220  ft/sec. 
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M  shown  In  Fig  tO-2.  This  Is  ecanpared  with  the  results  tor  the  parachute 
alone  (Progress  Keport  No  13^  where  Cq  **  1.25  at  50  ft/see  and  0^^  ■  1.46  at 
220  ft/sec.  Therefore,  it  la  seen  that  the  blunt  body  decreases  the  drag 
coefficient  by  approxlaately  6  to  10j(,  as  shown  In  Fig  10-3* 

6.3.2  AS  shown  In  Fig  10-4,  the  rotational  velocity  varies  linearly  from 
19  rev/sec  at  70  ft/sec  to  58  rev/sec  at  220  ft/sec.  The  gore  tip  velocity 
Is  also  shown  In  this  flgxire;  both  rotational  and  tip  velocities  are  conqpared 
with  the  results  for  the  parachute  alone| where  the  rotational  velocity  varied 
linearly  from  20  rev/sec  at  70  ft/sec  to  62  rev/sec  at  220  ft/sec* 

As  a  check  of  the  testing  method  and  apparatus  a  Ribbon  parachute 
model  with  20;!  geometrical  porosity  and  50-ln  prototype  diameter  was  tested 
both  in  free  stream  and  with  the  simulated  a.22  cargo  container  using  a  10  ft 
riser.  As  shown  in  Fig  10-2,  the  free  stream  drag  coefficient  was  Cg  «  0.58. 
This  compares  well  with  previous  experimental  results.  When  tested  with  the 
blunt  body,  the  drag  coefficient  varied  from  Cjj  »  0.55  at  120  ft/sec  to  Cp  * 
0.432  at  170  ft/sec  (Fig  10-2),  which  represents  a  decrease  of  the  drag  co¬ 
efficient  varying  from  5  to  25/(  as  shown  in  Fig  10-3.  The  Ribbon  parachute 
model  displayed  some  squiddlng  action  at  the  higher  velocities,  which  e3q)laln8 
the  drop  in  drag  coefficient. 

8.4  Proposed  Work 

&Jul  An  attempt  will  be  made  to  improve  the  drag  characteristics  of  the 
vortex  ring  parachute  through  the  use  of  a  model  of  this  parachute  which  has 
adjustable  lines,  tuned  to  optimum  efficiency,  rather  than  the  model  with 
fixed  lines  vdiich  has  been  previously  tested. 
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This  rortax  ring  psrsohuts  nodsl  tiinsd  to  optlaun  tflielsnoT'  will 
Also  bs  tested  in  search  of  a  standing  vortex  ring  (See  Progress  Report  No  1$, 
See  9.3). 
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MODEL  A-22  CONTAINER 


X  oecncMc  m  c* 


FiGW-e.  DRAG  COCFFJC^EHT  VERSUS  VELOCITY  FOR  VORTEX  RING  PARACHUTE 
/M.ONC  AND  ^ITH  A-2Z  CONTAINER  ON  10  FOOT  RISER 
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FIG  10-3.  F»CRCENT  DECREASE  IN  DRAG  COEmCIENT  DUE  TO  A-22  CONTAINER 
FOR  VORTEX.  RING  AND  RIBBON  PARACHUTES 


FIG  10-4,  ANGULAR  VELOCITY  AND  TIP  VELOCITY  VS.  FREE 
STREAM  VELOCITY  FOR  THE  VORTEX  RING  PARACHUTE 
MODEL  ALONE  AND  WITH  A-2t  CARGO  CONTAINER  ON  A 
10  FT  RISER 


TSP  VELOCITY  (FT/5EC). 
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